
AO-AIO0 826 AIR FORCE INST OF TECH WRIGHT-PATTERSON AFB ON SCHOO-ETC F/8 17/2.1
TRANSMISSION LOSS PREDICTION FOR THE AN/TRC-97A OVER A TROPOSPHI-ETC(U)
DEC 80 H S STORY,

UNCLASSIFIED AFIT/SE/EE/i800RO

MEMf
ElllllE~I I
mh EIEIEI



zOO7

06 DTIC

LmDEPARTMENT OF THE AIR FORCE D
AIR UNIVERSITY (ATC)

AIR FORCE INSTITUTE OF TECHNOLOGY

Wright-Patterson Air Force Base, Ohio

DISTR UbIcN xSATENT Ae

Apd fr publc elciN8 6TTMN A0 0 1
Djstxibutiou Unlimited I



AFIT/GE/EE/ SOD-40

TRANSMISSION LOSS PREDICTION

FOR THE AN/TRC-97A OVER A

TROPOSPHERIC SCATTER PATH

T-E SI S

AFIT/GE/EE/BOD-40- H. Stephen Story
Captain USAF

Approved for public release; distribution unlimited

4T



AFIT/GE/EE/ 80D-40

TRANSMISSION LOSS PREDICTION

FOR THE AN/TRC-97A OVER A

TROPOSPHERIC SCATTER PATH

THESIS

Presented to the Faculty of the School of Engineering of

The Air Force Institute of Technology

Air University

In Partial Fulfillment of the Requirements for the

Degree of Master of Science

By

H. Stephen Story, B.S.

Captain USAF

Graduate Electrical Engineering

December 1980

Approved for public release; distribution unlimited

IO



PREFACE

This research was motivated by a desire to improve the

techniques available to the tactical communicator for

predicting the performance of his troposcatter systems.

Improving upon the classical prediction techniques was

recognized from the outset to be a very broad area of study.

Therefore, the first task of this research was to anLlvze

the general troposcatter propagation problem in enough

detail to identify specific areas for possible improvement.

This initial analysis proved to be much more time consuming

than expected but did result in a suitably narrow topic for

detailed study: a modified scattering loss model.

Subsequent problems with the available paLh data prevented

the evaluation of the coefficients in the model, however.

As a result, this research has fallen short of providing an

improved prediction algorithm to the engineer in the field.

Nevertheless, I believe that the potential for such

improvement has been adequately demonstrated and that a

promising area for continued research has been identified.

I am indebted to Haj Joseph W. Carl, my advisor, for

his guidance throughout this effort. I would like to thank

Maj Duane B. Reynolds and Capt Ronnie E. Lesher of the Air

Force Communications Command, without whose support this

research would not have been possible. I am particularly

grateful to the engineers at the 5th Combat Communications

Group and the 602d Tactical Air Control Wing for the field
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*data that they have so willingly provided.
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0

h Effective receive antenna altitude
re
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h Receive station altitude
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ABSTRACT

This research investigates transmission loss

predictions for a short range tactical troposcatter radio

system. Tile analysis is based on the AN/TRC-97A radio set,

but the conclusions reached should apply to similar

troposcatter systems operating at frequencies from 4.4 to

5 .0 G 1z and over distances of 160 km or less. A general

analysis of the troposcatter path is performed to determine

tile sensitivity of tie transmission loss to the various

phenomena which contribute to tie loss. That component of

the loss which is unique to the scattering process is

studied in furtiler detail and a modified scattering loss

model is developed. A procedure for determining the

coefficients of the scattering loss model based on observed

transmission loss is described. A preliminary analysis of

the path data available for this research is performed. It

is found that the received power probability distribution

for the observed paths does not agree with the theoretical

distribution in all cases. Further, the available path data

is seen to lack sufficiently detailed path geometry

information to complete the analysis of the scattering loss

model. Recommendations concerning data requirements and

continued research are offered.
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I. INTRODUCTION

Background

Early researchers generally believed that practical

radio systems operating at VIF frequencies and above were

limited to line of sight applications. Diffraction by tile

earth's surface was tile onl\y mechanism which was recognized

to support propagation beyond the horizon at these

frequencies, and ditfraction theory predicted an exponential

decrease in signal strength with distance. With the

development of radar during World War II and of television

tollowing the war, the body of observed data on such systems

expanded rapidly. As the data accumulated a surprising

result began to emerge: the signal level beyond the horizon

was often much greater than that predicted by diffraction

theory alone. The phenomenon which produces this signal

enhancement has since come to be known as scatter

propagation and may take place in the troposphere, in tile

ionosphere, or beyond. The subject of this research is

scattering within tile troposphere, known as tropospheric

scatter, or simply troposcatter.

Troposcatter communications systems are now in common

use, albeit within a fairly narrow range of applications.

They are most suited to situations requiring high quality,

multichannel communications beyond the horizon, where

intervening terrain is not readily accessible. Distance

between ground stations ranges from approximately 80 to 800
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km, with typical operating frequencies between 0.1 and 10.0

Glz. Permanently installed troposcatter systems are found

in civilian as well as military applications, while

transportable troposcatter systems are widely used by

today's military forces. Although tile fixed and

transportable systems share the same basic operating

principles, fixed systems are generally characterized by

greater transmitted power, larger antennas, and longer radio

path distances. Transportable troposcatter systems are

designed for rapid deployment in support of tactical ground

forces and are generally vehicle mounted. Transportable

systems are constrained to less radiated power and smaller

antennas, and consequently, shorter communications range.

The ability to accurately predict tile performance of a

troposcatter system prior to its installation is essential

to the effective employment of these systems. The

importance of these predictions is particularly accute in

the case of tactical sy tems which must often be installed

in unfamiliar terrain in the shortest possible time.

Problem

Present troposcatter performance prediction methods

produce results which are, in the majority of cases,

consistent with observ_.2d performance. Thtere remain a

significant number of cases, however, wihere considerable

disparity exists between predicted a:d obstrved perl ormance.

Furthermore, inaccuracies in tfle )redict lons seem to be



particularly pronounced for the short transmission paths

encountered by tactical systems. The purpose of this

research is to investigate the accuracy of present

troposcatter performance prediction methods when applied to

short range tactical troposcarter systems.

Scope

The predominant tactical troposcatter system in the Air

Force inventory today is tile AN/TRC-97A. This is a

24-channel system using a frequency modulated carrier in the

range from 4.4 to 5.0 GHz. The maximum output power is 1000

watts, prolucing a maximum range of approximately 160 km in

the troposcatter mode. Tie TRC-97A is also capable of

operating in line of sight and obstacle gain diffraction

modes over shorter distances.

This research is limited to performance prediction for

the TRC-97A operating in the troposcatter mode. The

alternate line of sight and diffraction modes are not

considered. Also, study is limited to "normal" tropospleric

scatter propagation; anomalous propagation phenomena such as

superrefractive ducting are not considered.

In predicting how a troposcatter system will operate,

several parameters may be of interest. Characteristics of

the received noise are generally of concern and the delay

characteristics of the received signal may be important,

particularly for digital systems. In all cases, it is

necessary to prodict the level of tile received signal. This

3



study is limited to predictions of the received signal

level, or alternatively, the transmission loss along the

path.

While this research is concerned specifically with the

TRC-97A, the results should be applicable to other systems

operating in the same frequency range and over similar

paths.

Approach and Presentation

The stated problem is a very general one: methods of

transmission loss prediction presently used to engineer Air

Force tactical troposcatter systems are less accurate than

desired. How can this very general problem statement be

translated into terms specific enough to begin some

analysis? Consider some additional facts. The predominant

tactical troposcatter system in the Air Force inventory

today is the AN/TRC-97A. Two published path prediction

methods are used with the TRC-97: Air Force Communications

Service Pamphlet 100-61, Volume II, and Technical Order T.O.

31R5-2TRC97-12. Both of these methods were derived from the

prediction procedures contained in the National Bureau of

Standards (NBS) Technical Note 101. Tactical troposcatter

path predictions are therefore based on NBS Technical Note

101.

The technical note presents a somewhat complex model of

tile troposcatter path. At tie time that the model was

developed (and still today), theoretical explanations Of

4



troposcatter propagation could not fully account fur the

transmission loss which was observed over actual paths.

Empirical adjustments were incorporated into the model to

insure the best agreement with available path data. Note,

however, that the TRC-97 operates in the frequency range

from 4.4 to 5.0 GHz and with a maximum range of

approximately 160 km. The measured path data which

influenced the NBS model were predominantly from lower

frequencies and/or longer distance paths. It is possible

that different empirical adjustments would have resulted if

path data more representative of tile TRC-97 had been used.

If so then two poosible approaches come to mind for

improving the correlation between the TRC-97 performance and

the model: (I) rectify those theoretical deficiencies which

made empirical adjustment necessary in the first place, and

(2) modify the adjustments so they are tailored to the

TRC-97.

The latter approach is adopted in this research.

First, the general characteristics of the truposcatter path

are described in Section II. Next, a general model of tie

path is developed in Section III. The "classical" path

mouels are described in Section IV and compared with mte

eneral path model in Section V. Section VI tailors the

general model to the TRC-97A. Finally, a modif I .i

scattering loss model is investigated in Section VTI.



II. THE TROPOSCATTER PATH

The troposphere is the lowest portion of the atmosphere

and the region in which virtually all weather phenomena

occur. While the boundries between atmospheric regions are

indistinct and highly variable, the troposphere is

customarily considered to extend from the surface of the

earth to an altitude between 10 and 20 km. The composition

of the troposphere is essentially that of the air at ground

level, although the density varies with altitude and

meteorological conditions. By contrast with the ionosphere

(approximately 50 to 500 km), free ions do not exist within

the troposphere in sufficient quantities to affect radio

wave propagation. Relative to troposcatter radio

propagation, the most significant characteristic of the

troposphere is its high degree of turbulence.

Present theoretical explanations of the tropospheric

scattering phenomenon do not completely account for the

observed results. Further, researchers in the area do not

fully agree on the underlying physical mechanism, so several

theories exist. The earliest, and probably most widely

accepted theory is based on turbulent scattering in a medium

which is nonhomogeneous in all dimensions (see for example

Ref 3). Other theories are based on a scattering medium

having a layered structure (nonhomogeneous in two

dimensions) or a number of other specialized cases ot the

nomhomogeneous structure. It is very likely that the true

6



structure is more complex than that proposed by any of the

prominent theories. In any event, this research does not

directly depend on a precise statement of the scattering

mechanism.

The important geometric parameters in the troposcatter

path are illustrated in Figure 1. The smooth earth distance

between transmitting and receiving stations is d. The

distance from the transmitting station to its radio horizon

is dl, and the distance from the receiving station to its

radio horizon is dlr

The altitudes of the transmitting and receiving

stations are given by h and h respectively; thetg rg

altitudes at the center of the transmitting and receiving

antennas are hi and h . The altitudes at the two radiots rs

horizons are given by hlt and h lr

)et and e are the elevation angles (angle relative to

the local horizontal) of the transmitting and receiving

antennas respectively. The angles a and 2 represent the0 0

elevation angles of the transmitting and receiving antennas

relative to a straight line between the two antennas. The

scattering angle 0 is the angle through which the
0

transmitted signal must be scattered in order for it to

reach the receiving antenna. The quantity ho is the

distance between the straight line between antennas and the

horizon ray crossing point. The effective earth's radius,

a, is that imaginary value which would permit the normally

curved (because of refraction throug;h the ataosphere) radio

7
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rays to be represented as straight lines, and is a function

of the true earth's radius and the radio refractivity.
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III. A GENERAL PATH MODEL

The first major research goal is to obtain a suitable

model of transmission loss along the troposcatter path.

Ideally, the model will be in a form that can be related to

the prediction methods presently employed by Air Force

engineers. Ideally, the model will also remain as general

as possible in order for the research results to have the

widest applicability.

As pointed out in the previous section, the most

notable characteristic of the troposcatter path is its great

variability in both time and space. Thus, to be fully

characterized, the path must be modeled by a stochastic

process. The path model developed here begins at an

elementary level with an emphasis on the distinct phenomena

which influence the path. Initially the model is so general

that random influences are not easily distinguished from

deterministic influences. Therefore a preliminary algebraic

model is developed first. Only at this point is it clear

precisely what the path influences are, and whether or not

they are random influences. Then the algebraic model is

transformed into a stochastic model, taking account of the

random influences previously identified.

10



The Algebraic Path Model

Begining in very simple terms, the relation between

transmitted power and received power along the path can be

expressed as

P = P + G + G -L ()r t t r

where

P = received power, dbmr j

Pt = transmitted power, dbm
t

G = effective transmit antenna gain, dbt

G =effective receive antenna gain, db
r

L = system loss, db

The effective antenna gains, G and Gr, can themselves
tr

be expressed as

G =0 + L 2)t tf g t

and

G =G + L 3)
r rt gr

where

G tf = transmit antenna gain in free space,

relative to an isotropic radiator, db

G rf = receive antenna gain in free space,

relative to an isotropic radiator, db

II



L = transmit antenna apertare-medium couplinggt

loss, db

L = receive antenna aperture-medium coupling
gr

loss, db

The free space isotropic antenna gains, G and G
tf rf

are the measures of antenna gain most frequently stated in

manufacturers' literature. This measure of gain assumes

that all components of tile transtnistced signal arrive at the

receiving antenna from the same direction and in phase

coherence, as would be the case if the antennas were

operating in free space. When the antennas are in a medium

other tian free space this coherence of tie signal is

subject to distortion. Over a troposcatter path components

of the transmitted signal may be scattered from any point

within the scattering volume. The signal arriving at the

receive antenna appears to originate at a large number of

points within the scatter volume, all at different angles to

the antenna centerline. The gain of tile antenna is reduced

when the received signal arrives from a direction other than

along tile antenna's centerline. The net effect of this

noncoherent signal on the antenna can be represented as a

reduction in its free space gain, and is generally referred

to as aperture-to-medium coupling loss, or loss in antenna

gain.

The system loss, L, represents the combined efI ect ol

several distinct phenomena on the transmitted I;na . For

tihe troposcatter path it appears tIhat al of the oss
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components can , ac cunt d I or )\ Li c extr rss i n

L = L. + L S t L - L a - L 4
s h a

w he r e

L = system loss, db

= ree space loss, jb

iS

L = scattering loss, Jos

L. ground reflection loss, ob

La = absorption loss, db

L = equipment loss, ob

Free space loss, L fs' is tile reduction in power density

of an expanding wavefront with distance as it travels

through free space. Scattering loss, L , is that loss which

is attributable to the scattering phenomena within the

troposphere. The ground reflection loss, L, occurs when

signal components reflected from the terrain in the

near-field of the receive antenna arrive at the antenna out

of phase with the direct components to cause partial sig-nal

cancellation. The absorption loss, L , results when signal
a

energy is dissipated as heat wnen the signai interacts with

the molecules within tile atmosphere. The equipment loss,

L e is that loss wihici occurs between the transmitter and

transmit antenna, and between the receiver and receive

antenna.

Combinin Eq s (1), (2), (3), and (4) gives

13



P = P + (G - L ) + (G - L rr t tf gt rf gr

L- + L + L + L + L ) (5
I s s h a

Rearranging Eq (5) into tile somewhat more mnemonic form

(Power Difference) = (System Gains) - System Losses)

gives

P -P =G + G -(L + L
r t Lf rf gt gr

+ L + L + L, + L + L) (6
i S s 11 a e

The Stochastic Path Model

Discussion to this point has introduced the

nondeterministic nature of the troposcatter path. Such a

characteristic is not surprising when the variability of the

scattering medium is considered. In the previous section, a

phenomena-oriented path model is developed without

attempting to account for the random characteristics of the

pati. This approach is appealing from the standpoint of

simplicity and emphasis on tile general physical phenomena

which affect the troposcatter transmission. Indeed, as

development of the algebraic model was begun (Eq (1)),

received power was characterized simply as a function of

transmitted power, antenna gains, and nonspecific system

losses. Without some further knowledge of these system

losses, discussion or random influences is not very

satisfying. Working from Eq (6), however, the losses

associated with specific physical phenomena can be isolated

14



and the randomness appropriate to these phenomena can be

introduced.

In attempting to differentiate between random and

deterministic influences, one is quickly confronted with a

dilema: if observed in sufficient detail, any physical event

can be considered random in some respect. However, the

randomness of certain factors may be on such a small scale

relative to other factors, that the randomness may be

ignored without significant loss of accuracy. This is

assumed to be the case for several terms in the troposcatter

path model. Following are the notation conventions which

are used for random quantities.

The random variable whose possible outcomes are

f 2i

is given by

which is generally simplified t,- X when clarity is not

compromised. The value which the random variable X takes on

for a specific outcome k is represented by the

deterministic qaantity Xk, or more simply, x. The

distribution and density functions of the random variable X

are given by

F (x) and f (x)x x

respectively, and are generally simplified to F(x) and f(x).

15



The stochastic process representing a iamily of time

functions of tile possible outcomes

is given by

Xit,'.)

which is generally simplified to X(t).

Consider, then, tile algebraic path model given by

Eq (6). The received power, P , is a function of ther

remaining terms, and derives its randomness from them.

The envelope, or average transmitted power, P t is

assumed to be constant for a given radio path. Since

frequency modulation is almost universally used as the RF

modulation technique in troposcatter systems, envelope power

is independent of tile modulating signal. Fluctuations in

the output power due to varying equipment parameters are

considered to be negligible.

The free space antenna 6ains, C, and G are

functions of the size and shape of tile antennas, as well as

the operating frequency. Thus, for a particular antenna,

free space gain depends only upon frequency. Furthermore,

tile range of possible operating frequencies of a 6---,an

troposcatter system is normally narrow enough that variation

in free space antenna gain is c only considered to be

negligible (see for example, Ref 1: 5.20); such an

assumption is made here.

16



In the previous section, it is shown that tile

aperture-medium coupling losses, L and L , are a result

of scattering of the transmitted radio energy within the

troposphere and the resultant noncoherence of the energy

when it reaches the receiving antenna. The scattering

mechanism has already been shown to depend on a number of

highly variable parameters of the troposphere, such as wind

velocity and refractive index gradient. Thus, it is

intuitively appealing to consider tile scattering mechanism

to be represented by a stochastic process, and it will be

seen that such a representation is well born out by other

researchers. Even if this were not the case, however, no

generality is lost by a random process representation.

Denoting the scattering mechanism by tile stochastic process

S(t,- ) or S(t)

then the aperture-medium coupling losses can be expressed as

functions of free space antenna gain and the scattering

process:

Lt (t) = -g [G S(t)] (7)gt i~ tf' ~

ano

L t) =g 1 [G S(t)]gr 1 rf'

The free space loss, L fs, can be expressed as

f s

Lfs = 1 7

17
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w ie r e

d = path length

= wavelength of transmitted tignal

and d and X are in like units. (Ref 5: 101) Making use of

the equality

L

(0)
f

where

wavelength

f = frequency

c = speed of light

an alternate expression of the free space loss is

[ 4cfd 
12

The speed of light is constant and tile frequency is taken as

tile carrier frequency of tile radio system, which is also

assumea constant for a given path. The path length,

however, clearly varies as a result of the scattering;

components oi the transmitted radio energy which are

scattered from different points within the scattering volume

will in general travel different distances to reach the

receiving antenna. The sensitivity of Lfs to variations i

d caused by this scattering depends on the eeometr. )I tnt,

1ig
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radio path. For the present, however, ile free space loss

is taken to be a function oi the operating; trequencv fnu

etfective path length, D(t):

L. (t) = g2 I[t, D(i)]I (12)

where the effective path length is in turn a function of

horizon ray path distance, d, and te scattering:

D(t) = d, S(t)I (13)

By definition the scattering loss, L., is that portion

of the transmission loss which is directly attributable to

the scattering mechanism. As a minimum, then, L would bes

expected to be a function of S(t). As is shown in the next

section, other researchers generally agree that L can be
s

expressed in terms of path length, frequency, scattering

angle, and refractivity. It is therefore postulated that

L t) = , I D( t) ti(t) N t)](
_s4 - - -"

w he r e

I = frequency

D(t = path length

t) ( L scatt rin ; angl

N( t radio ret ract Iv it''

D(t) can in turn be t-xpresseo a js 11 1inct ion til e

horizon ray pa ih Iength, d, and th scatt ering process, as

Iv, b,; nq 1) y 3 .



Similarly, 6(t) is a function of horizon ray scattering

angle, 0, and scattering:

t(t) 6=  g 6 S(t)] (15)

and N(t) is a function of radio refractivity along tile

horizon ray, N , and the scattering:

11 1 S
,( = 7[:: S(t)] (lo)

The ground reflection loss, L. , is basically a function

of frequency and the geometry of the path. As has already

been seen, however, the path geometry is dependent upon the

random variations in the scattering process. As a minimum,

then, it appears justified to treat the ground reflection

loss as a random process itself, Lh(t). Rice, et al. (Ref

9: 9.3-9.4) have derived an expression for this loss

expressed in terms of frequency, path length, scattering

angle, antenna heights, and antenna elevation angles. Based

on these results, L (t) can be expressed as

wS~e t r

w h e r e

f = frequency

D(t) = path length

0(t) = scattering angle

,,(t) = radio wave departure angle

t ) = radio wave arrival angle

h = effective transmit antenna height
te

20



h effective receive antenna height
re

In this expression, D~t) and 6(t) are as given above and

arrival angles depend upon the scattering mechanism and tie

center-ray elevation angles of the transmit and receive

antennas, a and 63 , respectively:

t) I9['t) S(t)] ( 0c)

g 10 [ , S(t)I (19)

Atmospheric absorption loss depends upon frequency

(certain frequencies are more readily absorbed than others),

path length, and density of the atmosphere along the path.

As above, path length depends upor the scattering process

(Eq (13)). The atmospheric density, D , is similarlya

influenced by many of the same factors which produce the

scattering phenomenon. The absorption loss then can be

expressed as

L (t) =  g [f, D(t), D (t) ( 20)

where

f = frequency

D(t) = path length

D (t) = atmospheric density_a

and D (t) is itself a function of the scattering process:
-a

D (t) = g 1 [S(t)] (21)

21



Tile equipment loss, Le, represents losses within tile

transmittin6 and receiving equipment, and is composed

principally of waveguide losses. It is assumed that for a

Liven equipment configuration, this loss is constant.

Combining the above results gives the following;

stochastic model1, wi ichi p arallel1s thle algebraic model in

Eq ( o

P2(t)-P GC ~+G -L k t)+L Ct
rt t I ri gtr

+ L t ) + L (tL + L,(t) + L Lt) + L 2
S 1

Nohn h 111 ia s been s aid th1u S f ar concerning thle

statistics of thle various random quantities discussed above.

This is thle subject of further discussion in Section VI as

t he jenevra amod(IeI o f E q (22'-') i.s t ailored to thle. TRC-97.

B as e k o n thle f un ctio.L)n a r (1a t io n s h1.ps described abo0ve(',

hi ow ev e r , one1 would expect thae s t atis t icLalI de p endle n ce ain onc

t iie t er ms o f Eq 212) j beu r a ther cominp1e x .



IV. THE CLASSICAL PATH MODELS

Several path models have been mentioned so far. The

model in AFCSP 100-ol (Vol II) is primarily derived from the

,BS model, but it contains an additional term taken from

another model published by the International Radio

Consultative Committee (CCIR). The model in T.O.

31R5-2TIIC97-12, also known as tne Collins model, is also

baseu on tile NBS model , but it contains additional te rm s

derived directly from experiments with tLe TRC-97. In fact

there is a small family of models which are similar in form,

yet are considered in the literature to be more or less

distinct models. [1]

Following is a brief description of these models, with

a summary appearing in Table I on page 31. The models are

statee using the notation in which thev were originallv

published.

S ) )t ,,r U:O ~I X 1. 5L w 1 ic d i i *,r - 1ul1 i, ont I in r

t D x <u i u i ' ni m t is ,;:1 1'' No t 1L) 1 i t Ik io

i i i t. u ItO 3 1 ) [I t. ( 7 U7-

23



NBS :Iodel

L(0.5) = 30 log f - 20 log d

+ F(ed) + F + H + ,A - V(d (23
0 0 L

where

L(O. 5) = lon6-term median transmission loss, iD

t = frequency, M1Hz

d = path Length, km

F (Id) = attenuation function, db

F = scattering efficiency, db
0

11 = requency ;a in . unction, d b

A at mospneric aosorpt ion, ib

V(d ) cliatalo.gical lactor, ab

rhIs modeI was developed at til, Central Radio Propagation

Laoratory v1 the NLat 1anai hur0 aLu I ai Standaras (NBS 1 ani I"

probablv 1 Il( :aost w lit, aIflown .ind ist~l anoa1 toda . It is

t 1e Is 1 s o r NiBS Tec 10 .l NO C,0 1)1 ( N . , ) , pc n n L 1 1 0

lken , W il .Ch 1-,V id , S dt L. I pr i u r.s o r p r uib .

t p t- L t o- > ovr I tr, saLt , r p at 1 Tihk N S d a :

1:1 A L. o r L1 0 r j I t 1 001 : 1 1 d S 11 o C 0 L 1 C S P 1 0 t- I

V I I i ;,, 1 10 . . - 7 -1 I . 1 1



CCIR Model

L(50) = 30 log f - 20 log d + F((d)

-G - V(d ) (24)
P

w here

G = G + G - .07 exp [.055 (C t + G )p t r t r

and

L(50) = long-term median transmission loss, db

f = trequency, MHz

d = path length, km

F(ed) = attenuation function, db

G = effective antenna gain, db
P

V(d ) = climatalogical factor, dbe

G = transmit antenna free space gain, dbt

G = receive antenna free space gain, dbr

The model published by the International Radio Consultative

Committee (CCIPZ) (Ref 8: 200) was adapted largely from Lt e

NBS model. The CCIR simplified the NBS model by eliminating

the terms Fo, Rio, and Aa, whicih were felt by tihe CCIR to be

of only minor significance. They also added a term for the

aperture-medium coupling loss, which was not explicitly

inc luded in the NBS work.

'-9



P!RC :ooCit

L(50) = 124.6 + 30 log f + 30 log

+ 10 log d + f() - .08 (N - 323) -G 25)s p

wh~ere

i(H) = 20 log (5 .3H) + .65H

HI (Sed/4)

S = (4S I + S 1

S1 2/d,,

G = G + + - .07 exp [.055 (G + G )[p t r t r

andU

L(50) = Iong term median transmission loss, db

F frequency, M>1z

d = path length, km

N = surface radio refractivity
s

C = effective antenna gain, doP

H = scatter angle, radians

d I  = distance from the horizon ray crossing

point to the transmitting antenna, km

(see figure i)

d, = distance from the horizon ray crossin,

point to the receiving antenna, km

(see figure 1)

G = transmit antenna free space gain, dbt

G = receive antenna free space gain, o
r

i . .. - . . . . . . . . . .



T1his moael Ins ben developed Iy 1he Ph opl" s RepLblic 01

China P!RC) ano Is pubLisiied b the CI', (R i 3: 201) a an

alLernate Ul e cod of transmiss1on loss prediction.

.. orron Iodel

L. 30 log f + 30 lo,- J + 50 Io1 - F Is)

+vie1 +1[( ,)j+HVl
+ F O, + I [ n ) + iI I ( l / ')

V Ot Lo or ro

- n.15o (M - 308) + 126 126)s

L L) = long-term eedi an transmission loss, db

f = frequency, 'IHz

d = path length, statute miles

e = scatter angle, radians

F (s) = asymmetry function, db
V

F(fO, ) = blob size correction factor, ib

It teh 1 ')[ or [( /)i

= irequency ; 1ain tunction, db

surtace refractivity
s

1:1U :;orton model (Ref 4: 44) is Lt earlLest of thLis rouo

d models and has had considerable inf luence on te othIlrs.

0toI Lhat in orton's iotat ion, !f [( h ).] donotes01 to

"I a u nct1 n 01 t (h / )f 1 r a t ht r I han an i 2 r a Lco t to

x:- r o .on i.nvolving Ii ; sirilarlv IT [(ii / )t r ;) rstito t 0 r ro

"L ,u n c t ion Lf [(0 /F) o For o: ai L i L tt ion

.; " L tl



0 Ut ( i LU i r hr t-

T ni s appears tO j t p r ec I Sel tVLo 2 S t It UtLo n iiiaue LV toenc

a ut h o s o f T e c hn ic al '.otL 101.

R id er :; o el I
L.s 30Ologf Z+ 30lo.-d + 50 og H (s)

+ F~f, r H [I +j~ H [ih Y/+1i.1
v o t t e o r r e

- 43 (N -308) + 126 (27)

w nh2e

L =m long-termi median transmission loss, db

r f requency, '11Hz

d =~ path length, statute miles

e = scatter angle, radians

F v(s) = asymmetry function, db

F(fe), 1 ) = blob size correct ion factor, db

ot te ] o r [( r e/ ) I

frequency gain function, db

H surface refractivity

Although this is referred to as the Rider model in some

of the literature it is more accurately describea as R ider'-s

modification to the Norton model. Rider, working; with a

different set of experimental data than that which Norton

had used, found that better agreement between nis dat;a anu

the model could be achieved if the coeificient ot tine

refractivity turin, (I; - 308), were chan ;ed iron-, .15on to

52



.43. (Ref 11: 203-210).

Yeh a'ode l

L 57 + 108 + 20 log d + 30 log f

(N - 310) 28)
s

w e r e

L = long-term median transmission loss, dbp

8 = scatter angle, degrees

d = path length, statute miles

f = frequency, .111z

N = surface refractivity
5

Yeh developed his model (Ref 14: 193-198) to provide a

reasonably accurate yet simple alternative to the more

cumbersom methods, such as the NBS model. This method has

the most pronounced empirical basis of those considered

here, and its simplicity appears to be gained at the expense

of some potential accuracy.

AFCSP 100-61 14odel

L = 30 log f - 20 log d + F(ed) + H + A
0 a

+ 90 - V(d ) - .07 exp [.055 (G + G r (29
w t r

where

L long term transmission loss, do

f = frequency, G iz



d = path length, km

L(Od) = attenuation function, db

I1 = frequency gain function, db

A = atmospheric absorption, dba

V(d = climatalogical factor, dbe

C = transmit antenna free space gain, abt

G = receive antenna free space gain, do
r

This model appears in AFCSP 100-61 (Ref 1) where it is

presented in a tabular worksheet form. The algebraic

expression of Eq (29) is not specifically stated but rather

incorporated into the worksheet. The model is essentially a

combination of the NBS and CCIR models. The AFCSP 100-61

model incorporates all of the terms of tile NBS work except

F , which is omitted. To this is added an aperture-mediumo

coupling loss term

.07 exp [.055 (G + r )]t r

which is taken from the CCIR model. The constant term, 90

db, results from expressing the frequency in GHz rather than

:IIz, i.e.

30 log f 30 log f + 90
Mli z GH z

AFCSP 100-61 (Vol II) is intended for use by Air Force

engineers in designing all types of troposcatter systems.

Tie method it presents is considerably more complex than

that given in T.O. 31R5-2TRC97-12 specifically for tile

T R C - 97 A

30



Collins N1ode1

The Collins model is that .hich is incorporated into

th AN/TRC-97 technical orders (Ref 12). It is tile most

specialized of these models, having been tailored to a

particular radio set. As it appears in the technical order

it is entirely a graphical method. The underlying

analytical basis, however, is the NBS model.

31
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LIs = 20 log fGHz + 20 log dkm + 92.4 (32)

or

Lfs = 20 log fMHz + 20 log dmi + 36.6 (33)

Subtracting tle free space loss from Eq (30) then gives

L 10 log f - 40 log d + F( d)
01o1H z ki

- F - V(d ) - 32.4 (34)
0 0

Stating the attenuation function, F(Ed), in analytic terms

provides further insight into the basis of L . Defining theS

path assymetry factor as

S = 1 / o
c 0

where the angles 9 and '1 are as given in Figure 1, F(Od)
0 0

can be expressed as follows: (Ref 9: Section 9.1 and Ref 10:

Section 111.5)

For 0.01 < 6d < 10, N 301:

F(td) = 30 lo, (Hd) + .33 Hd + 135.8 (35)

For 10 < '9 < 70, N = 301, 0.7 < s 1.0:

F(oi) = 37.5 lot, (8d) + .212 44d + 129.5 (36)

For Cd > 70, N = 301, 0.7 < s < 1.0:

F(fd) = 45 log (9d) + .157 (d + 119.2 3)

Furter, or valut o N otner than 301, the function F HI

34



is ;iven by

F(ed, N ) = F(d, N = 3S s

- 1.1 (N - 301) exp (-Hd/40)] (38)

It can be shown that the value of the product 6d for a

practical TRC-97A path will not exceed 10. Experience has

shown tnat antenna elevation angles (0 @ ) in excess ot
e t ' er

1.0 deg will not generally support usable communications

with this system. Using the procedure in Appendix A with

0 = 8 = 1.0 deg (.0175 rad) and N = 90 [21 gives theet er s

maximum value of the scatter angle, 8, as .0542 rad. With

the maximum range of the TRC-97A taken as 160 km, the

maximum value of the product @d is then

MAX (6d) = (.0542 rad)(160 kin) = 8.67 cad-km

For the TRC-97A, therefore, Eqs (35) and (36) are

combined to give an expression for F(@d) which is valid for

all values of s and N
s

F(ed) = 30 lo, (ed) + .33 Hd + 135.8

- [. I (N - 301) exp (-Od/40)1 (39)

Combining this last result with Eq (34) then gives

[21 Scattering angle, , varies L nvk, r s e , wlt i t ne

ref tract iv ity.
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S = I ,
1 1

1 n a 0 3 3 w n L 0 :it " or a r- a l o n . v 3 m m . r i a L n[ 1!
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'  

k L :o t
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z],:1 - r .I.d'.1 : s r e s u i n t o .E 3 an 1l v v:l u cl-

Kill

aubstItuCtfn5 this result liit3 -q(3> i,

L(50) -(L + L + L ) = :U o - 10 o d.
t r s IH z

+ 30 Lo 0 + . o - .0- (i - 323

+ 92.2 + 20 i0 + .075 Hd W5

AL t ils point, tihe Ili i td in1ormat on o n tile C Lrivatl io o

tile PRC ul de I 1rak s u art n , r ConI lusions t, 0T-, wl at

specula LIv e. -II 4-) Cont ain:; li apparent (1 u 1 nt 1 M31-

t t r 1 . v e t) 1ar iS I w iih ti h o L ii t, r :1 , 3 1 s 1k a in S i a ",

COlC U i J t hat i]i Jnt t -ll aat tArm o I ' (4.', r ,

Componnts I1 t i, scatt . Ill; ln sS, L . Ti, o rl;1 1n tllo

r m1l a i nII n t , r 5

20 lx; 15 + .07 H(

1 s not at all obvious. Lackiii; t urt ih r I l r:1a t I ln 1:-,

q 5 (45) w 1 1 1 b t aK en a s t 1h 1:1 31 Iv , L,. id L , . i1

tiow OW11 Ln Ti b 1 t- I I.
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I 
~I

on r ot on mo del z5 IVell by E ( 6 Lu gro u n

rot lection loss

H: =H i [(ht/\)*1±+ jf (h /k).]
o ot to or re

can be clearly identified. Subtracting; tne free spac- loss

(Eq (32)) and the ground reflection loss from Eq (26) gives 

L L L. 10 1 r 10 1 d
bms zs i m

+ 50 log' e .156 :1 308)

+ ~ s+
+ 80..4 - F (i) + F f , I i (40)

V V

WJhen Norton publ1sied this oaoui , analtic express ions bor

the asvmetry function F (s) and the blob size correction
V

factor F(fO, I ) were not explicitly iven; instead tiey were
V

shown graphically (Ref 4: Figures 2 and 4). Applying the

parameters ot a practical TRC-97A path to these grapis,

nowever, both F (s) and F(id, I ) can be shown to bev 
V

neg Ii.gible. Therefore, no further attempt ts made here to

derive the analytic expressions for tht-se two terias. Norton

does Indicat t L ra tnese terms result Irom iLnt s aLterin

process, so :1q (-u te taken to rt-prusont tiLe scatt r n .

1oss, , as v u n v it,'5 , rorton model.

A s p o in1t ed 1ut 1 tino prLCvtons 11c to,, t no Rr c r 710 G or o

te; nor corr ct v a moL It icat on ot i Norton S 1 l1 s, o onl ,l

2 o I r o0il c , e n L il t C o sta t i s ) 0 c 1I t d 0' i .

re ract IV 1t'; ter::. Ia., darivottion ,1 it. [(leer i":ee:: 1 > is

r r ai r v 1 0 ii1 1 r e v i n o a, I t j

11 L) i , : I i :: i t r j L o ,

",r t ,,I n 71 m o ' a



T e eh m:lodel makes no at tempt L account or oss 

due to ,grouno re ect ion, atmospheric adsorpLion, or ,osses

WiLhnh tlie equipment. Also, while aperture-me iuLM coup 1in

loss was addressed by Yeh , it was not explicitly included in

nis 1.1o el. The model given by Eq (28) therefore represents

only tLie sum of the ire e space and scattering losses.

Suatractin, L ( s ( Eq (3 2) on m q 2 S t iiu giv e s

L 10 1o f + 10 0 - .2 - 310) 20 4 (47
s =lz s 

where t is in degrees. This is equivalently expressed as

L 10 log f + 573 6 - .2 (N - 310) + 20.4 (48)
1H z s

where 0 is in radians.

As described in the last section, the model in AFCSP

100-61 is a composite of the NBS and CCIR models. The

aperture-medium coupling loss is from the CCIR model and is

given by

L + L , .07 exp .05 (G + G )g t .r t r

The remaining Leras are rrom the NBS model. The ground

reflection loss and atmospheric absorption lost- are

represented b v 1 and A respectively. Sutractin g L
o a ct'

L , L (Eq (32)), L. , and L from Eq (29) givesr is ii a

LS 10 log f'Hz - 40 loc d. + F(9d) - V d ) - .

and SuEsi I tit itng Eq (3) or F (d) produceos t e result



L 10 f - 10 lo a. + 3 0 io

+ 33 od 1 - 301 ) ex P -Hd, '40)

+ 133. 4 - V( u t49)

The Collins model is presentet.d graphically. The

aperture-medium coupling loss and equipment toss are

abulated for various equipment configurations. The

ombination of tr ee space and scattering Losses is taken

from two graphs. The first 4raph gives a basic loss tor

transmission over a smooth earth, wile the second graph

,ives an additional loss to compensate for the effects )I

irregular terrain. No attempt is made here to derive tie

analytic expressions from which these graphs aro

constructed.

ccI IInI s IIt IIr , u c l. t i o,
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"II

VI. tHE GENERAL PATH MODEL TA ILORED

TO THE AN/TRC-97A

Eq (22) gives a model of the troposcatter path which

attemptb to account for all tile significant random

influences on tile path. It is also generai enough to

encompass all of the more speciilc classical models whicn

iave been examined. As staten previously, the primary goal

of this research is to examine empirical adjustments which

are necessary to bridge the gap between the theoretical

model and experimental evidence. To do so will require some

numerical analysis of the model in Eq (22), a task whici

appears to be quite formidable, given the complex

statistical dependence among the terms in this model. If it

turned out that some of the terms in Eq (22) were far less

sensitive than others to the random variations in tile

scattering process, some simplification of the model may be

justified prior to numerical analysis. Thus one could, as a

- irst approximation, sacrifice some generality and accuracy

in the model for the sake of narrowing tie complexity of

further analysis to managable limiLs.

Typical Path Mlodel Values for the AN/TRC-97A

First it is instructive to examine typical values which

oiu would expect of the terms in 'q (2"2). Fiigure 2 shows

tiese values tor tile TRC- 97A, Is calculate d using; the

classical models.

1,3
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One kilowatt is tile nominal maximum output power or the

TRC-97A, and that which is normally used in the troposcatter

propagation mode. The free space gain of tile antenna with

which this equipment is primarily configured, an 8-foot

parabolic antenna, is specified by the manufacturer as 38 db

(each antenna).

The value of the aperture-medium coupling loss, L anda t

Lr, given by the technical order and AFCSP 100-61 are not

in agreement, so both values are given. Table 9-5 of the

technical order (Ref 12: 9.10) gives the aperture-medium

coupling loss as 1.0 db for each antenna. AFCSP 100-61

calculates the aperture-medium coupling loss for the pair of

antennas as

L + L = .07 exp [.055 (G + G )]gt gr tt rf

= .07 exp [.055 (33 + 38)]

= 4.58 db

or equivalently, 2.29 db for each antenna.

The free space loss shown represnts tile range of

values possible depending upon t ilc h ()ICe 01 operatin4

frequency and path length, and is calculated from Eq (31).

For the TRC- 97A 's mi nimum opera t in f r eq uency ( 4. 4 Gilz) and

a path length approximating tie minimum ran-e in the

troposcatter mode (60 km), [31 the free space loss is

45)



[I

= 20 log f + 20 log dk + 32.4

= 20 log (4400) + 20 log (60) + 32.4

= 140.8 dl

For the TRC-97A's maximum operating frequency (5.0 Gilz) and

nominai maximuui range (160 km), the free space loss is

20 log (5000) + 20 log (160) + 32.4
ts

= 150. 5 db

Computing the range of values for the scattering loss

is less straight forward because of the interdependence of

several factors and the need for specific terrain

information. The basis for calculating typical values of

L for the TRC-97A is Eq (40):
s

L = 10 log fMHz - 10 log dkm + 30 log 0

+ .33 @d - . (N - 301) exp (-ed/40)

+ 103.4 - F V(d ) (40)
0 e

Calculation of the scattering angle requires detailed

information about the terrain wilich the path trav erses.

Accounting for every possible variation in the terrain would

be a formidable task, and the goal at this point is silmply

to estimate the range of values for the scattering, loss.

31 This is actually welI below the minimum diLstanc at

wu1ich the troposcatter mode I :; ner:; Yahl domlIa[t.

-4 (



r Fh er t-i o r, Lor L hnc p urp oe of b o u n cini L a a ,tl ho ver

s ilo o Lh e a rtL wi1ll b e a s sum ed. A 11 L t 111 1nlour i:i a io i 11S a1:

reuq u ir eu: use of an 8-foot paravulIi c a 1tenti111a W Ill 1L otil 1e

*to be assumed.

I t will be seen that in Eq ( 40) ti depend s " pon1 t ue

c ho ic e o f both d and N F ur th er mo r e, V d I is a Iuc 1 CLIoLn1

of frequency, path ;eomet rv toL inc lucie d ,I and L t CI cII at LI

r egio n. Therefore, care must be exerci1s ed when eval uat in--

Eq (40 ) le St thle effect o1 these relationisiips be distorted.

Consider first the SCatterin 5 , tlecrenlc- correction,

F R ic e, e t al1. (Ret 9 ): 9 . 5) St ateC t hatL F all Io ws o r toe1
0 0

*reduction of scattering efficiency at great hie igh ts in1 the t

atmosphere. Over a typical short range path, th, cattering

takes place at relatively low altitudes, and one wouloi

exp e ct t h at F wo ulId h ave i t tlIe inflIuence. The small

iaagnituuv o)f F will be coif irmed short ly fIo r th13e purpose
0

of the present discussion, it is assumed to be net ii, inle.

Fo r t iie r em a inin t e r ms, c on s id er '-i "Ilt c a se"sWLI wi':i

represent t ile va rio us ceomot in at io ns otim nn1n.1 andI 'l" 1.ax;c IoI

L he independent variables 1, (1, a nd (I S A bi) re o tLni

tireCqule n cy r ange o 0f tis e Squi 1pmen1u 1t i S ! .i 0~ ani Zd LlL

p a th 11enh 1 11S a s u me d to0 lie between oO a 1d 1 f) km . 1 ;

add I t Ion , t 1e rajng e o f po s s IblIe v ai is ue s

be bttw e en -290 and 3 90 ( Re f 9: . 3) o or J~ L, h a ,l H

eval 1ua ted 11s 1 g D a ta Sh1et [ 5 , 1to L c1 .1 N , :1i I. I

e- tecl ive dlistanlce, d I ii t he 1 Cal culza 'dti illn it L Vi

1 9 2 , 1 11 47 4 1) i t il I s m aI El a' 1 11 e I c tL * I L :I



resulting values of d , the range of possible values of
e

V(d ) is read from Figure AI5 for each of the eight cases.

Figure Al shows the evaluation of 6 and d for the case
e

where f 4.4 GZ1z, d = 60 Km, and N = 290. The remaining5

seven cases are shown in Figures A2 through A3.

All the information necessary to evaluate the minimum

and maximum values of L is now at hand. For ease of
s

presentation, define

L 101oLf -10 log d + 30 log H + .33 Od
s 0o Hz km

. (N - 301) exp (-+d/40) + 103.4 (50

so that

L = L - V(d ) (51)
5 5 e

The results of evaluating Eq (40) for each of the eight

cases are summarized in Table III. The value of L for
s

these eight paths is seen to range between 38 and 74 db.

Furthermore, the minimum value of L corresponds to minimum
s

frequency, minimum patn length, maximum refractivity, and a

desert climatic region. L is maximum for maximum

frequency, maximum path lengLh, minimum rerractivity, and an

overwater patih in a temperate climate.

The ground reflection loss, L , is similarly calculated

using Data Sheet B-5 (items 29-44), with tile results for tie

sarfit- i ht path cases considered above appearing in Figures

\I tirou;;h AS. Graphs of the required intermediate

in ctI o , and '1 0  are iven in Fii,,uros A10 t hrou :il
lli1 t Io s, S O'
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A13. Thus, within the constraint:, ,)I t 11 patL s 11 I1,).n,

L is seen to range between 0 and I . 2 db.h

The loss from atmospheric absorption, L , 1 Civ

considered in two of the classical models: those 01 tine :,BS

and AFCSP 100-61. In both models, the value of absorptLion

loss is taken from the graph appearing in Figure A14, anu

that method is used here. Note, however, that this Irapii

displays data from a specific location and month of Luh

year. It is not readily clear how representative tills data

is of other locations and seasons. In any event, using

Figure A14, it is seen that for a path varying between O0

and 160 km, with an operating frequency between 4.4 and 5.0

Gilz, L is expected to lie within tile range from
s

appreximately .4 to 1.2 db.

Tile equipment loss is addressed only by the Collins

.method, and is given by the technical order (Ref 12: Table

9-7) as I db for a TRC-97A system using parabolic antennas.

Simplifying Assumptions in tie Path lodel

Several conclusions can be drawn from FV.ure 2. It was

previously determined (S e c t i on 1 )1 1 t ha t t h e L r an s m i t t ed

power, tree space anttlnna g;ains, ana equipment loss would be

considered to be constant Lor a ;ivtn path. Amo ng t le oss

terms, there appear to be two dist 1nct g ro ups 1ased on

M a,n it ude. Th api tr tur e-med iul;1 c op i In., les, r o , r nd

r It Le c ti on lo ss, a so rpt io los , nd e(ui pm e n t loss e, c !I

S"av0 max Imum valu s 1 o s s Lta 11 1 b. , ciit r i. s t , tilt, r k



-a., i i dki l ar t r t ii a ile t . !1 s tj rn t ,A r Le , r ii t .

values o1 1, et) and L t aspla v cjnbjuer aI v mere

variabilitty than do tne an ans at L r) L ( t L tt ,r

L ). To draw L I Co clCu sI s a b otl L tie rlatLv

signi icance oi all ot the loss terms, one would ned t 1
ila v t., 0 r e know e d e of i t i s t i L s of t he r andom t to r nsL

(only mean values art, c uns1dero n iure 2). ,t has eek- I

s1own , however, t nat tie randomness in tie loss terms stem

from t he same source : the ran(om scattering process In

other words, all ot the loss terms, e xcept 1, are junctions

ot the scatterin, process, 3(t). Further, it nas been

stated that L is by def in tion thaL term w iih at telpta te

account for the losses uniquely associated with, tac

scattering mechanism. I f L S  does in tfact repr -sent Lhe

primary loss due to S(t), one would expect that in the

remaining terms, th1e influence of S(t) would be less

pronounced. Thus, it would be appea ii to jIsCount the

random influence on the term.s L . t , L (t) L it), anc

La(t), therebv considerably s impfl vi, I the sttistical

Interdependence of the terms in Eq 22). Ta do so woulo

also be consistent with the approach most commonl taken by

,other researchers.

Thus, as a first approximation, the teet of St) an

(t) , L r t) , ~  t),and L ( t ) ar on S I Q r k! d t ' I'

ne.;li ble and Eq (22) is rwrtt n as

"1



PrPt = tI-+ G r L g t + L r

+ L.t ) +L t)+L + L + L (52

Consider next tile sensitivity of L (t) to S(t).
-f s

Because of thle scattering phenomenon, different components

of the transmitted signal are returned to thle receiving

antenna via different scattering. points within the common

volume, an11d th11us t ra velI different distances between

transmitting and receiving. stations. Consider the pathl

g;eometry shown in Fig'ure 3. Antenna elevationl anlgles for a

practical TRC-97A systeml in the troposcatter mode seldom

fall beyond the range of -0.5 to -'1.0 dog. The center ray

for elevation angles of -0.5 and '1.0 dog is shown as lines

TAR and TBR of Fi gure 4. The 3-db beaaw idt h of [lhe 5-fact

parabolic antenna used with thle TRC-97A is 2 deg. Thus, tile

majority of the received sig nal components arrive via a Pathi

w h ich li e s tn t he r egion b etw e en T CR a nd T D K, tier e t ii

angle DTC= DRC= 3 .5 dog-. F or tie e maS0wciro elVationL 1

a ngl esb are +1I. 0 doeg, thle scat terini.,, ange I L'HCanl 1) ShOWn t

be approximately 3.1I doeg. [41 For tile eas, w i&k-r 2 o~va ionL

an gl1e s eq ua L -0 .5 d eg, ~ s cea rl esS :1an1 tI ,l I

,pprouches 0 de , in th11e l imIt. The wors L e 6. 1ms ~Itrllc, !I!

P aiLn 1 Iai Li occurs waen H 0, timrO 1A.i', r y i n iii I

90 d(o4. 11n th is case tile rat io 0 i T C to T 1 , :1 gan 1 in

1 it a )l a a Shitot B W L L h H H

2 , I I Kmm . Ii0 ~ m) i.m rt
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or alternately

DT 0. 1t 9 CT

whicil is to say thaLt tut! la:," L:3 n dl SLanc L In si 1 a l luSt

travel (DT) is greater thian 1Lift :I1 :. 1 l al t Sta11ct( It :.Iu s t

travel (CT) by only .1 p rc nt flhius, S( ca 1 es

negligible variation in Lhe distance ti SI ,Il Iravei anu

tile patn length can be treatd as a constant, U. t I S

thierefore given by the previously duriV ,u eXnrss Lon

20 ' + 20 log d + 3 2 3i
ts IHIz

The result is tiat L ( 52 can now '0 urt it r . irilp i: ice

P (t)-2 G + G IL + L
r t r t

+ L + , ( + + L * U + I

whore L (t) is t s on: y rano:) Q llt I,) ;1 will
-s

JLat ist I s 1 tClS1 "atL "oel

Previous experimental work has lad to e II.

t ha t f o r i or t t imrt i I t - r v a I s LI r i v - 1 . V n.

Ov e r a trop)scalt to p th cn ) L ,1 c 11 cnarac t.r 1 : is

ro c , W i I() I e elV , 
1

I
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With a, x L 1 0 h,-n

a 11

and

F ) = F !-v.,a ) c

Since P L , F (t) and k can only assu1-. non i 2ative values,r r

Lqs 54), (56) and (57) can be combined to ive Lile 2 irst

order dens i' of tile received power as

P r;2 , 2 ,e::p ,2 k 2 (59)

where Pr and k 2  are in watts. Similarly tihe combination of

(qs 55), (56), and (58) gives the first order distribution

ol tie received power as

r
F(P ;t) I - exp (60)

r I- .

where P anad k are i n watts
r

h.hile the received power is directlv observable, the

et (I r random: quantity in Eq (53), tue scattering loss, is

not. iq (33, in whic the power terms are expressed in dbm

n1nn ti .I" aIi and loss terms in db can also be written as



Pr (L L 6 1
Lgt Lgr Lfs Ls(t) L h  La L e

where the power terms are in watts and tile gain ano loss

terms are ratios. For a given path, each of the

deterministic quantities on the right side of Eq (61) is

assumed to be a constant, making it possible: to write

Eq i1 as

b
L 5 (t) =(62)
L P (t

r

where

b ~Pt G tf G rf 6
tbV rt(63)

Lt L gr Lfs Lh La L e

It can be shown (Ref 6: 128) that if

Y g(X) - a/X

t hen

fy(y) a ( a /y 2 )  f (a/y)

Combining this last result with Eqs (59) and (62) gives the

first-order density of the scattering loss as

f(Ls;t) = x2 e ---
L s 2 k 22 k

Since all the terms on the right side f Eq (63) are

nonnegative, b is also nonnegative. Thereiore

57



bb

2k -L s x 2k L, ](4
whlere b and ko 2 are in watts and L sis a ratio. The

first-order distribution of thle scattering loss is found by

integrating the density:

b ] 65

where b and k _2 are in watts and Ls is a ratio.



VII. THE MODIFIED SCATTERING LOSS MODEL

Recall from the Introduction the proposed approach of

modifying the empirical adjustments in the existing; path

models to obtain better correlation with oLserved

performance for the short range tactical troposcatter path.

Given that the assumptions in the analysis to this point are

valid, Eq (53) shows the scattering loss to be tile only

random independent variable in the path model. Further, Eqs

(64) and (65) give the first-order density and distribution

of the scattering loss. The proceeding analysis has also

shown that of all tile factors in the general path model, the

scattering loss has the greatest potential for causing large

variations in the received power for a given path. As a

first approximation then, assume that the deterministic

quantities in Eq (53) are correctly accounted for in the

present path models, and that any variation between

predicted and observed path loss results from the scattering

loss alone.

Recalling that the present predictions use the AFCSP

100-61 and Collins models, which are both based on the NBS

model, consider then the model

P (t) P + G + G 07 exp .55 (C +G ]
_r t tf rf t rf

-20 log 20 log d - 320 lo f Hlz Km

- L - L L -1, (t,
Ta ht

T hl i, s t he 4 noraI mo(del1 of Eq ( 53 ) w it h t 10 0 d t ,rmin i st ic



quantities ISSulmed Lo be ais -iven by the AFCSP 100-61 and

C oILli ns ,mio delIs. This model can also be expressed as

P (t) b -L t (67)

w here

b P1 + G - + G .07 c-xp 1.055 (G . + G )
t tI r t t I r I

-20 log f M - 20 log d - 32. 4
11Hz km

-L -L a- L (66)

Given the operating frequency, antenna gains, and suffifient

information about the path geometrV, b' can be readily

computed using; the combined procedures in AFCSP 100-61 and

T . 0 . 31R5-2TRC97-12.

Consider next the treatment of the scattering, loss in

thle presently used models. Eq (49) gi1ves the scattering,

loss used in thle AFCSP 100-61 model as

L 10 lo ;f l11 loogd + 30 lo- +.33 od

I (I1 l ( s - 301) exp H- :,40) + 133.4 - V(d ) (49)

T h is i s id e nt icalI t o the NBS exprussiLoll Itr L 0 iv en thlatL

th trmF s egigbl fuIt: ~'eo path (as shown in

Sc t Ion V I. ThIt, p roblIem n1o w i s o ne ato d er iv in n

lt er n ate expression for the scatter ing leos s w hi clh i s mo0re

ac cu r atet for a typical TRC-c)7A path. Thle most obvious waV

t o do this is to assume that the term-, of Eq (4) is CoL)rreIC t

a nd that a different choice o t c e fic ireent s woulId b)eLtte r

m1a t ch t he( m odelI t o th11e TR C - 97A p ath No t k t Il t

1 )0



L. r ep reCsen ts t he expt c t ed v alu e o 1i 1, L 'd [1 1 :1 W 1

lenoted by L 5 (t). Cositd er te n th i x ) rs zi 1it

L (t) a, loig I, z - a2 lIog d~ + I +O ~

-a(N. 301) exp (-ed/ a) + U7 V V( )

which expresses the scattering loss in Lt s am tiIo r ia, as t:ii

d e r ived b y thIte I S, b ut W it h 1ost () to L o - I I intL

undetermined. A s p o int ed o ut p re0v L')u S L t- Il Ii I L

expression taor V ( a e Eq (4) is r ItonIer co r; I Ix aoi 6a i

on data collected in a large numbe-r of LOCat ins i, I u noltL

t he w orlId . A t tem ptLing t o mod ifZy v ( u e a j Ii s ja o t n L I)

complicate Eq (69) to the extent that any tur~ter ani

would be extremely difficult. Also, mlod if 1.1. in ', t i oar

accurately represent the TRC-97A path would require a lar, k-

d a ta base of TRC-97A performance in all clitmatic re .n a

interest; such a data base is not present lv vilb

As sum e t hen thia t V (de) , a s ax p reas s 1 by Eq ( 42 ), i s c ar r u c t

S tat e me nt ofItI te R e ,r es si oni P r o b lm

A v er: s p vctic anitalyvt ic 1, r ob I i C can1 n W b ts tted.

So01 Ltion a1 thLIIs p r ob Iem shitoul Id p r od u ce I sCatr J I , so

::I o d I- w ii n bet Lter represents a txpicai TRC - 7A A L th. FToe

p r o b I e if t a s f a I I o~w s:

Cie k l S 11n fL I Ont i i I r matL ioni ab ()utt t he (I; Ii 1 i 11L ul )

path1 ;eo mettr' br I it iiir P L):? 7 : ~ at t pahs a

V.1 f it, )I L) c~aii a i 0 r .i ii pa t 11i~ 0: V



Given experimental observations of received power over

these paths, and a value of b" for each path, a value oI

L corresponding to each observed value of Pr cal be

obtained using Eq (67). Thus a data base of scattering loss

values over a number of TRC-97A paths is constructed.

Given this scattering loss data, an expression of V(d)

(Eq (42)), and the probability distribution of L (t) given

by Eq (o5), a nonlinear multivariate regression analysis of

Eq (69) can be performed to evaluate the coefficients

{a , a 2 ,7).

The resulting expression for L 5 (t) should more

accurately reflect the scattering loss for a TRC-97A path

and can be used with the AFCSP 100-al model for future

transmission loss predictions.

Evaluation of Available AN/TRC-97A Path Data.

Data on the actual performance over TRC-97A paths has

been collected from a number of Air Force units which use

this equipment. The data is that which is rout inely

recorded by these units and does not reflect any data

collected specifically for this research. Al t hou;i the

content of the data varies, typically included are recordcd

values of received power and information on the eomt,Lry i

tile path. The paths represented are from trainin. exerci sh

ver the past several years in diftcr,.nt locations w1Lth1n

tL',. continntal Fnited States. DuratiLon o i 'ac h ,,xer '- I

not v ';r in , n , r~in,in ii t rom two do'ys to . ) X laI A t\ wO



weeks. Table IV identifies those paths for wnich some data

is available and which fall within the scope of this study.

Because of the relatively small amount of availabil

data, and particularly the short duration of the paths, it

is desirable to evaluate the usefulness of tile data. If the

data is too limited to accurately represent a wide range oi

TRC-97A paths, then any analysis based on this data Is

meaningless.

It has been shown that a possible characterization ci

the received power over a troposcatter path is given by the

density and distribution functions of Eqs (59) and (60).

These in turn are the basis for the density and distribution

of Ls (t) which are given by Eqs (64) and (65) and are

central to the regression analysis just described. It is

reasonable then to require the received power data which is

used in the regression analysis to at least approximate the

density and distribution in Eqs (59) and (60). Next one

would expect to see some dependence of the mean scattering

loss upon the parameters of the regression equation (i.e.,

i, d, 6, and N s). Were this not the case, no prediction of

Ls(t) based on these parameters would be possible. While

the scattering loss is not directly observable, it is

directly related to the distribution parameter i

theref ore k- ? must also be dependent upon f, d , H, and .

Furthe rmore, k! 2 can be readily determined rom observation

h te received pow er.
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Coniisi1.d er i ir st th!Ie received po w cr istr 1bu11t ion- for LitH-
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Figure 5. Next the power distribution curve of Figure 4 is

transfered to a piece of transparent acetate. The curve is

then superimposed on the measured distrubution plot in such

a way as to give the best fit with the data. The value of

k,2 for each plot is also recorded for later use. Note that

k,- is the value of Pr which corresponds to approxiately

F(Pr;t) = 0.4 Three superimposed power distribution

curves and the resulting values of k- are illustrated in

Figure 5. The results of applying this procedure to each

0

path are summarized in Table IV where a value of k< - is

given to each distinct radio path. Note that in

troposcatter propagation the path does not necessarily

behave the same way in both directions, and the received

power at one end of a link is not generally the same as the

received power at the other end. Also, each TRC-97A has two

receivers for diversity reception. Therefore, it is

possible to associate up to four different sets of data with

each radio link. Fewer sets of reported data indicate

either incomplete observations or averaging of observations.

Several conclusions can be drawn from this manual curve

fitting. First, the general shape of the distribution

curves is enough like that of the assumed power distribution

to support the existence of some correlation between the

two. However, the correlation is obviously less titan

prfect, and more sophisticated statistical tocihniques wou1

be reqired to quantify the degree of correlation. To i aov

cases, the observed power distribUt Lo1 las a more t nt
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slope than does the curve of Figure 4. The curves of Figure

5 are typical examples chosen from the paths in Table IV.

They illustrate the range trom good to poor correlation with

the power distribution function of Eq (60).

Consider next the relationship between the received

power distribution and the parameters of the proposed

regression equation (E, (69)). 0 ne would expect the

received power, and therefore k , to vary with some or all

of the variables f, d, 6, and N s  For the most part, tie

available path data does not reflect specific operating

frequencies and refractivity data is provided for only a few

paths. Also information about the path geometry is

generally not provided in sufficient detail to allow

calculation of the scattering angle. The path length is

available for each path, however, and k- is plotted as a

function of path length for each of the paths in Table IV.

The results are shown in Figure 6. It is now necessary to

determine whether Figure 6 represents a reasonablc

relationship between k 2 and d. For this purpose, consider

the relationship between L s  and d given by Eq (49). The

path length appears in three terms of this expression. For

typical values of H and d (see Appendix A), the actor

exp (-+3d/ 40) remains very close to unity. Table I

ticustrates the range of values of the quantiLt is

(-[0 lo' d and .33 Hd ter the paths in Atpp)eno x A.

I ar 1 -I0 1 e d ) 1s tie domI nan t t -rm , indi c at n, t I at

III. ( d t tia r,'t, r,, k , weIl] d , ' .er at l t . 11

7"-
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3 db/octave. This slope would obviously change ior a

different choice of the coefficient of the (log d) term (L2

of Eq (69)). Such a regression line may well be contained

within the data of Figure 6. Again, however, mort

sophisticated statistical methods are required to quantif,

the relationship between ko- and d.

In summary, the path data presently available is not

adequate to support further analysis. The correlation

between observed data and the expected power distribution

function (Eq (60)) cannot be conclusively stated. Further,

suff icient information about f, e, and N s  is not available

to complete Lroe regression analysis of Eq (69). The two

obvit us sourctes of this lack of correlation are the expected

power diet riLbUtion function and the data itself. The

development of the power distribution assumes an underlying

RavlIgh di1tribution for the envelope of the received

sIgnal voltage AnV deviation from a RayIeI.h envelope

would b, ret le cted In the resulting power distribut ion.

Re;,,ard tn tilt, d aLa, some short all in the degrfee to which it

represents the p)a[L would not be surprising. ,2 easure enL o I

r o c v t p owt r . e v I i 11 h Ii I, I d b y operat iona unit s i s

us al ', uandet11 cI t ;I k'r o II L ,1 o)v a iitr l: I iita sur, )I S' s t l

t-r t ormance, and IIot t Support r (s( ar 1h activitIt .

a b us r om n t s a r LI (t 1 1 11I rt-qu . t Iy , I Y p i a Iv tw t dA a 1

,and the oiratiL 1 , I a p Irt ii i Iar rid oi I i nk --ld o m x ,x ,.i,

I -w ek s . .I :-), v .ar ia t io n :. aIII ir men1 t Cial tte I

It,, r I 1'n * L % i I . V r at Li tnldi ' t r ' i i 1



averaging between terminals would be expected to affect the

results.

Two other possible causes for lack of correlation

between Eq (60) and the data are anomalous propagation and

mixed mode propagation. The path models developed here do

not attempt to account for either of these phenomena.

Anomalous propagation modes, such as ducting, are [not

uncommon and were almost certainly a factor in some of tnesu

paths. Also, propagation via obstacle gain diffraction may

occur siultaneously with the troposcatter propagation mode.

The diffraction mode requires a favorablu path geometrvY, but

is not uncomon over relatively short transiorizon paths.

One further shortcoming of the available data has

surfaced during this analysis. Earlier in this section it

was explained that L s(t) is not directly observable, but

could be derived from observations of P (t) by evaluatingr

the remaining terms in the path model (see Eq (67), (68)).

however the path data made available for this research does

not contain enough detail about the Path 4uometry and

equipment conf iguration to evaluate a.



VI I I. CONCLUSIONS

This research began with an extremely general problem

statement: current troposcatter prediction techniques are

not always sufficiently accurate when applied to short range

tactical troposcatter systems. Subsequent analysis las

reofined this into a very specific area of study which shows

promise of improving path loss predictions. First, a

general path model was developed based on the physical

considerations of the troposcatter path. The general pati

model was then tailored to the AN/TRC-97A by a succession of

comparisons with existing classical models and observed

TRC-97A performance. Significant in this development has

been the analysis of the importance of the various

components in the path model. It has been concluded that

inadequate modeling of the scattering loss, L (t), is tie
-s

most probable cause of inaccuracies in the overall path

model. As a result, a modi iLed scattering loss model was

developed and a regression experiment was proposed to derive

the coefficients in tihe model. After some t.valiat ion to ,

available path data however, it was cencluded that the data

Was not s11icient to support the recression analysis.

I'here ore, completion of tie mod if ied scatt rin , loss oi t,

Is no nt p re u nly possble d e to ak o 1Il1t I i.

oxper tmental data.

A s a n 1Ia no t , 11 a oh 1 i tv o t o,- dat a to i 1 , v

t i i r e ar ( h- l d h a I t a ko n .ii o t L A ' 1 t 1 I , ,



or its source. The path data made available for this stud",

was collected during tactical training exercises for tflu

purpose of field evaluation of radio system performance.

The data is inherently sparce and niot intended to suppport 3

research effort. It is possible that data suitable for Ltie

completion of this study can be made available only throug;h
specific data collectiin etfort.

J.



IX RE :1 MElt* DA T 10I u S

T he p rima r % r e commen da t ion ret-s ulIt in' _ rein 11 i s r e se ar L

is that Suitable path data be collectedi to verii\' til, power

distribution and Complete thle proposed regression analvsis.

The data provided for the current research was collected byv

t acLt ic ai.Li units o n n ormial1 tr a in in e xerc iseus. S uc d ia t a h aS

thle advantage or being representative or a varieiv', JI

climatic regions and path profiles. However these tactical

SyVStLem S are seldom establ1ishied f or mio re t h an a few weeks at

a time and thle path data normally collected is inherently

sparce. An alternate source of path data would be an1

org anization which operates similar equipment in a research

a nd development environment, s u CH a s thel A ir F or cec s

7lilectronic Systems Division.

In order to complete thle proposed r,.,rossien anlalysis,

d a ta is r eq u ired onr bouth1 thel ruce i vet, i ginal 3 o t he -)a t i

,geometrv. Continuous recorcip.4 1 1i rivo 0 ign1alI lv eI

wo0ulId b e cons iderab I; ;nore r ep r t, 1 La Lv ti otuL11e 1)atu t h an

d is cr e te mie a su r eme2ntLs. Pa-ith !1e ome tr in Ir ma t i on -miu s7, bc tin

s uLI i c ien t d etLaLI t o pekr mit C aIc 11at1L -n)l )I Ile a rame1 tt, rs )I

t het regres sion eq u a tiokn ,d, i, ,nd Vo G) a s w .1

te o, t h er lo0s s C omip o nent 11 t1 Sc H1: A

3 he t 13 - 3 (A F C S P 1 00-6 1 , V o I I I W 0 r o 1.1 d ()IH

atHItL, te rtq u ir t-d , tom tLr y I II rmo 1.1 jc i L '1 v 11;

a v r a it o :i f- r r c tdili ii d i L 15 i z- iss o r 1i rIii I il%' 11

i r I r t



i etraccivity from a chart of minimum "DoIthlv mean values.

Incorporation of refractivity data more specific to a -iven

path should produce more accurate path predictions. Second,

current methods are based on values of surface refractivity,

from which the refractivity within the scattering volume is

extrapolated by a simple formula. The accuracy of tiis

extrapolation at low altitudes (typical of the scattering

volume for a short troposcatter path) may warrant further

study. Also, it may be worthwhile to treat the refractivity

as a quantity which varies throughout tile scattering volume

raLi.er than considering only its value at the center of the

scattering volume.

Ia' .
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Appendix A

AFCSP 100-61 Path Loss Predictions for

Eight Hypothetical Path Cases

This appendix contains the calculation of selected path

parameters for eight hypothetical troposcatter paths. The

eight paths are intended to represent the range of typical

values expected from an AN/TRC-97A radio system under

certain simplifying constraints. The paths consider the

eight possible combinations of maximum and minimum operating

frequency (4.4 - 5.0 Ghz), maximum and minimum path length

(60 - 160 km), and maximum and minimum surface refractivity

(290 - 390). In all cases, the OA-7160A/TRC-97A parabolic

antenna is assumed (8-foot diameter, 15-foot height to

center). Rather than attempt to account for an infinite

number of terrain configurations, smooth earth is assumed.

The procedures used are from AFCSP 100-61, Vol II.
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21 km (Item 2S
, 

- (Item 9)(Item 24)

NOTE: Itel and . IS. et He -- 0 .05428 C I # Item 25?

32 r ee t Hono Ray .0304 See Figure S-6

I lie, u 30

33 NOTE: It A I. tse items 34 - 37 1 (Iten 29)- (tim 25)

OU.hemwse go to Step 35 
(

34 RL(rI) d -. 8 Figure 5-7

11(e3) l~l.> .33.
3-- I A.> S. .e

36 Me, -- do See Fiaie 5-

SFrmquenc Gaza Function. no 1

NOTE- U no < 1. use Ite=* 36 - 43

38 Ha(ej) 1 .40 d9 See Figure 5 -7. Use so |

39 Hr2) 1.40 dO smFiha S-7. ist a.O= I

40 AH0 dT Set Fiute 5- 9 U, so = I

41 Frequency Gain Ftnction o.H* a s I .40 J8 1/2w Ittem 33 + Iter- 39) + Item 40

42 Frequese Gain Function. He. so = 1.20 111 SeCCt[IM S UA. e _O

43 FroquencY Gets Function. Ma 1.21 d Item 42 + Item 32 (lm 41 - Item 42)

44 FreqeiWrtcy Gain Functin. He 1 .21 dO Iem 37 or Item 43

45 Atmospheric Abeorption. A. --- d See Filtre 4.7

Bastc Trasmission Lost torea Scatter 30 log (Item 28) - :0 Log (Item 9) + Item 2.
PaUt. Lbs, -- do * Item 44 . Item 45 . 90

47 del 1 - kme 65(O.1/hamw 28)1/3

343 kL1 4,m IS$ '5fl 4i~ .lr--T18.43

If Item 9 S Item 47 * Item 45;

49 Met Di .,3e 130 Item 9/fltem 47 + Item 45)

It Iem 9 > I.Vm 47 * Item 4S.

130 * item 9 - Item 47 - lie. 48

Long T rm Fdling Parameter for Climatic d8 So. Fmiur 4-
Reg.- .., V,( O.de)--

1 L og l e - e ed :n g P arm e ter foe C limt i c duc See F i gu e 4 - 9 h ro u gh 4 * 2 5
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9 5: TROPOSCATTER PATH CALCULATIONS -. • L*CW fo

PER .0tMANCE FA* O iLuC UNWIT VALU REMARKS

I T -v X.. tohr Elval.. €'Aoy. S. Lev.l. ' 0 km 
F

rm
P 

t 
p

M 
O I I"

T o ise nat E ev to Above Se* L vel . 0 Pat p r fil
2 TX. big 0_____

3 Anteio Elevetion .Above Sea Leval. 005 km From Path Proie

TX. hts

4 A tnina Elevcuori Above Sea L4eI.L

RX, hr, .0 0 lif From Path Profilt

Radio Ho,.zon Eleveaioi, Ab ve, So P
S Level. TX. bLI ksm From Path Profile

6 Radio Harson Elevittin Above Sr. 0 . From Path Profile
Level RX, h,_ 0

7 Detaince to Radio Horizon. TX. dL. 8 7 ,km From Path Profile

S[ Distence to Radio Hoizt. I. d. 8. 7 Ji Fm Path Profile

3 Polk. Leoik. d 16 m From Path Prattle

Avera ge Elevation of Redii. Horizons. j km . * )2

It,

13 fmae Refract i
vity. N -- Se.. Fip ur 4.1

14 .Refracivity at Ref.o.t,, g Surface. o, 2 90 (Item 13) asp (-0.10,7 a 11am 12)

15 Elf.~- t o Earth'* Radius. a 8320 km See FIgure 4.2

Reb . 1lrz n 7 u From Path Ptoll.

17Mean E~l.eaion, TX Toi'reltrot WX 0k

R7Me.eadio n o RI81 Tmr~ a toR0 ka From Path P*04111e

1i Effeive Antenna Height. TX. hie 0 Itk. 1 Ie 16 - Item 1; en. 3 -Item I

.00 If, Ite 16> lin Item I te 2 31 1
rEfli ece Antenna Height. RI. le 00k 

k
m 

I It
.
1  I te m 2

. 4 2

1___eF___"_rnf, 0 _ Ie 'in, item 2. item 4- Its= 1

!tt h5 ! t 3 I

20 Anten Eloosuon Angle. TX. iiit -. 001098 Se _ _e,3 lin_ eolie Rflien, t e, 2 x Ieo 4-S

21 Antennae Elevation Angie. RX, Oar - .00 1098 -id Item 6 - Itoe 4 iten, 11
4Ite 8 2 . Item 1 )

_____________ iten 9to__2_Go__ redy It" Item 20 .

23 9 +.008517 ned lie, 9 % 8m 21 en 4- lien, 3
_____r___ 2. lie , I Ie m h* t 
-T

24 Scatter Atnite. 0. tem len22 *Ite e23

25 Path Aaepmmitny Paren..tee. a I Item 221Item 23

26 Gi lhs Il m I Iem 4
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NOc. P FACTOR VALUE UNITS *fNAqKI

d4 10. See Fgum, 5-3
*1 Attevmsston Fusctlion. F(d) -d 0d > 10. See FIeums 5-3 t- S.)

If I > 1. use lI/

26 Op errtls Frequency. f 4 . 4 Gila Link SpeciicatJe.

20= 2 3. 16 Cl.sos t,. .. a 1.- 2. Ita. a

"2 23.16 .sa. * lo. *.0. 26 . ... Is

31 km (=eI 25) 2 (Item 9)(Item% 24)
NOTE : If rl ad 27 - 15. set He .0 (1 - item 25)2

32 Noemahneed Hei.ght of Haon t Ray S e F S- 6
Cos.over. n .... ----__ ____

33 NCyM : if as > i, tise Items 34 - 37 Item 29) (itm 2 )
Othe- ae to to stop is Gln29 - itms

3 See Fi.g e 5-7

34 R (rI) ---- 8B If a > 5. ase S

3S (r2) d8 S-e FiCur 5.7
-- If as > S. use S

34i -- jdo See Figot, S- a

37 dB 1uenicY Gain F-ctAom.2 H (item 34 + Item 35) + Item 36

NOTE: I as < 1. use Ita. 3- 43

so "o(n) -d Se Fgre S-7. Use n, 1

39 HO(r") __OW d SeFllrFig 5- 7. ie a. I

40 do -- 89 Soe F tre S. SS Use a. = 1

41 Frenemecy Gain Function. Ha. as = I d 1/2 a (Item 38 + fteve 39) + Item 40

42 Fequemcy Gain Function. a, = 0 8 )Seet Fige 5-9 Uaeas. =0

43 FeequencY Gain Functiom., 0 d , item 42 * ito 32 (1-.m 41 - Itam 42)

44 Feeqaency Gae Functie. Ho d I:em 37 ow Item 43

4% Aimospheric Absorptlin. As --- d8 See Ftur 4-7

46 Batec Transmission Los. for a Scaeter IdE 30 toe (item 28) - -0 log (item 9) * I.m 27
Path. Lbsr - -+ Item 44 + Item 45 * 90

4? 7 18.41 km 63(G. 1 /tem, 20)1/3

"dL 18.43 km IS..4 '-.r, Vt... t-

If Item 9 . Item 47 - Item 48.

49 Effective Disac. 4, 2'53 130 . Item 9/atem 47 * Ite 48)
If Item 9> I.. 47 * Item 43.
130 * Item 9 - Item 47 - [te. 41

LanO Tee Fednt Paerameter for Climatic 4113 See Fsauve 4.3
Res-- e, V, .d)-4

Letg Te-'. 
t
sdznlt Paermesen foe Climatic 4

dRe&,.. YS(99..de)E e F e 4 9 h 4- 2
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9-5: TROPOSCATTER PATH CALCULATIOS a'. m,, a fl.j 0,m. .

PERFORMANCE FACTOn WALIuC UNITS REmARs

Te.....asaI Ele-ot~t-Abo- See Level. (km From Path Profi
I TX. hig

2 T.en nal Elevation Above Sea LaeaI. I
__ Rx.__ _ _ _ _ _ _ _m Prm Poth P.0W.

3 Artem.ia Eevaion Above Sea LeveL .00 la. Frcm Paith PWa
TI. his I __I
p te. L Elevation Above See eveL.Ptd Xhi

s  I m Wmpath Profl~e

RI h,~~~~ .005 _______ _____

kRed 0, H-Otot E evation AD"oe Seai)u From Path Profit
L Level. TX. bLt

Redo Hor'mlz Elev-t..m Above S.0

Level RX. h, _____________________t___;

7 Distance to Radaio Hortem. TX. dL1  C• 9 k i {m F-o Path Profile

a Distance to Rado. Hornzcn. RX. dL.• 9k From Path Profile

9 Path .ntth.1 al 0 prim Path pronte

1, Acertge E~levation of Radio Horwros. Jm (tmS*30
h, 1 _________________ 0 b (Item S. Items 5S,2

Itt Aveec Elevation af TermuAls. h.2 0 it= (Item I + Item 2)/2

12 Average Elevetion of RegraCting Surface. km Minmm (Item 20. jl'm 11)h s  0 M u Ie O l.. I

13 Nean Relrectavity. So --- See Fklm 4-L

14 Rrfrect.-vty as Ref rfectn SUrfact. Mo 390 (11m 13) eap (-.1O'7 i Item 12)
IS (I .-'tiv, Elrfh'a Raiuse. a 10820k0 -- i Flamm 4-2

wir-n M.i. TX l s kT From Polk Profi p le

N a n E l v al t o . R E T e lm in oI to R X 0 k rF c P a th P r oile

I Redito Ilmot ' 111 m o~
Ra,4. H00 120. Cr

to Effective Antenna Height. TX. h" .00 ) I Item 16 Item 1. 2 e 3 - Item I

I9 Effect&ve Antefine Height. RX. bre .00 - km It Item I7 > It.. 2 lt 4 - Item 2
_9 _I_[It It- 17 < Item 2. I'm 4 - Ite= 1

AD& -00096(53 lied 1  it . 2 1 Item IS
20 ~tans Elevation Angle. TX. lia L .- It- 73 2 .I.. IS

22 Anteau Elevetion Angie. RX 67 -- 000963 ,d Item 6 - Ite 4 Ie9m B

Itet a 2 . Item IS
-- Ite r C. 39,.,e 122 O -.006431 red -- -- -It. 20

2 a • t9 IS Ite -4

2" 16. +.006431 2 .It, I 1ter m m.e , -,, 3

24 Scatter An.gie. 0. +. 0128 rod Item 22 * Item 23

25 Peth Aceymmetey P.ler,.te. a I Item 22/Item 23

26 9d - la Item 24 z Itsm

AFC$ Oc*,
"  
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IT~tI

PEFORMANCI FACTOR VAl.U9 UNIT| mgmuAS

Od 1 10. S.e Fa.,. S -3
.2? Attenuaton Fuction F -- _ 

I
8 10. See Fturtis I-a -b- 1.

Ifs> .use I/s

28 O erating Frequelscy. I GHx Link SpectficsUmts

* I ,4.580e5i I*** *. tt,*l | teN. I|

2 23 1 b a .. a t

. .~~( * th3 Item 19)

31 -- ilek (ite. 25
, 

. (t1- 9)(ltem 24)
NOTE: It rl end r2 . 15. set H

0  
1 - i tern 257

32 lozed Height Hf nroo Re S -6
Crossover. li ; 7 -

s  
igr

33 NOTE: If a 1, Ilseitems 34-37 ltee 30

_ -II, _t_ tep 34 (Item 29) - (Ite-m 25)
0th.m... lo to Step 38

34 H.(r:) dD S.: Faur S-7

I-- If > . e. 5

3S H.0 2
) RIB Se Facum 5-7

-I A• > S. use 5

34 AH RI- B S've Falo 5- 4

?,wqueoc'y Cato Fsancto. II,

37 dB '2 a (Item 34 + Item 3S) + Item 36NOTE: U n. < 1. use Items 36 - 43

3 - Ho(1I ) --- d See Fiure S57. Use n = I

40 its See Flere S-8 Use it.

41 iFrequescy Gmo Function. He. as = I dB-- 4 /2 1 (Itm 35 + Itve, 39) + Item 40

42 ]Frqruency Gain Funoctim. Hs, . = 0 1B See Fssre 5 -9 U s. = 0

43 Frency GauM Ftnctim. H -- dB Item 42 . Item 32 (1.-.m 41 -Itm 42)

44 Frequeny Gem rwaetto. He 0 dB vI 37 or Item 43

4. Atmospheric Absorption. A, -- dB Se Fapa 4-7

46 Basic Trssmalss&on Loss for a Scatter d13 30 lot (Ite. 28) - .0 log (Item 9) t si:m 27
Path. Lb. , * Ite 44 + Iterl 45 + 90

47 det 16.1 km (0./t, 280
1 / 3

I It It.. 9 !. Item 47 * Item 48.

49 Etteetis. Dista... do 1 30v Item 9/(item 47 4 Iten 481

If item 9 > P.. 47 * Item 49.

1 Fn e . * Item 9 - Item 47 - It.. 48

Re|e.g T. d,ntO.dI
e  to -- d5 Se Fitar 4-8

.1 Long T.. .dintg P.m.te . CIa.tc.e
dBt See Fe.rv 4 - t.Qiso .
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0.1. .. oot, air atoO. wt~ CAVA

19-5: TROPOSCATTER PATH CALCULATIONS .,oale -iiia .

"EP(OWAOC9 FACTOR until U4gIO AOS

Too-.al Ej1o,-tdAb.v Sa Lavl 0 km Frain Patio Proftle,
TX. It,C________

2 .- Eloetooo Above S*a Le.I
2 RX. ht, 0 ikm From Path Proile

ATr.,. Elrt. bv . 005 km From Path Profile

AtRX.n h I.ot,. ACo) S* 5eel km Fro path, Profile

- Rodie or... Eirvotoo Abrei Saoi'F ahPot~
L-elI TX. bLt 0 k FromPahrife

6 Radio Maram. leicon Above Se. 0 km i~v at rfl
Level RX. hl, r.,Pll rft

D7 j ttcr to Radio Mariam.. TX. dL, 8 . 7 boo From Path Proflie

I Disc- to Radio Moriam. RX. du 8.7 it From path Profle

9 Path LAINth. d 60k ro ahOlae

SAverage EI-.voat of Radi. Hertz.... 0 km (Item 5 + Item 0)/2

13 Are,,g* Eleroetton of Tirrmtaola. h.2 0 ho (tm I - Item 2)/2

12 Averot. Eleoot-o of Ror-tong Srface. 0 ~m~1.I~ I

14 Rerfwo.t wt Rertnt Surace. No 290 (Ie 13 e -k1 7xIe 12)

1It Elff.. tI- Earth- Rodjo.. a 8 320 It. S... Figure 4-2

Mr...t..t. TX 1.r...oil 1, TX jo From Pat% Profie
o. 11.,. W _________

Me or Elevelim. RX Ternall to RX o k From Path Proftle
0.do. Menem.. 1;

to Effiretno. Anltnei Hork~bt. TX. b,. .005 1,. ir itto. 16 -, It.m 1; 1 em 3 - It.. I
-- ___________ [ If 1lb6 ft.,. 1; 1 -o 3 - 1-. 36

19 Effect--. A.tI~e HorgIt. RI. bo .09 [k.'II t..1 It.. 2. torn 4 - It.. 2
"f IT. .. '. ~It~ 2. s- 4- Itorm I"

0009 old -5T!.,,3 -Itr-.7

21 Astance Lievatn. AsgLe. RI. Ow, .01098 frod item 6 - 1%r. 4 _ o.,2 ittem~ El6n.A~l.T.~t.008If,~7 2 II

It-r a 2 . Irm. Is

.2a 0() 2 08 rod io tm.~t~0.rI. 9 . t- Itemt 20

.)002 508 mo item__Q_+ It... 4 - horr: 3
2 t"I Ite hr. 1' te

34 easer .Clo. o 050 ro d Itr.. 22 * ham 23

2S Path A.o.tryI Poromete. A I Item 22/Item 23

26 1111 J k Item 240a haem 9
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I

iTEMumzr~raREAKN. P(R'OqNANC[ FACTOS VALUJE UNITS NEWANKS

08dI. -1e Frt,,E S-3

.27 Alletwit.imi IP'tcliamr. 7d) 4B 0d > 10. See FCure, 142 th- 1-5

If* > 1. .. e I/1

28 Opiert-ng Fequelicy. f • GH Lk SpecIicacbons

6) .5804 .1. 91. I s~ . 1'.a

SI .0 ( l i~J•Item •Igmi Jlmt

3 1 ke 7 h is (item '1 
, 

. t 0
(I (I ti 24)

3 Heght 5 r. Sf Fo S632 Lhrlle elt fHrzaRy. () r - See Figw.m 5-6

• ~~it ' 30

33 NOTE: If o, ie Items 34 - 37 -- I 9) (Item 25)

Ot.J...le gro to Step 3I

dD See Filcu 5-7
oo)- IItft.l > S. us. 5 S

33] Io(r
2 )  

dB-- Se Fgur 5-7
If' >I •, use S

36 -- dB See Figure S- a

FMqo Gamn Frufctaom6 HOt
37 4-- dBl !" Ie 4 Ie 5 tm3NOTE: I , < 1, use Items 3'2 (item 34 tem3S)+Itm36

38 1pi rl) j .. (i dB See Fig'u.e 5-7. Ute n. = 1

39 Ho(r2) .1 dB S Figre S-7. Use a.l I

40 dB e FiSt gueS- 8 U4. i = I

41 Frequency Gin Functot. H.. e = I . d B I j 1/2 v (Item 38 + lter 39) + Item 40

42 Frequency Gamu Finctio. Ha as = 0 .00 d See Figre 5.9 U ;eta 0

43 Piyquency Gem Fuictil. HI  .00 [d Item 42 Item 32 0 1.- 41 - Item 42)

44 Feq,aenc7 Gaut Pwmeltm. Ho - .00 jd l:est 37 or Itm 43

4.5 Atmoispheric Absorptlion. As dB Se Figurs 40-7

46 BAS Transmission Los for a Scatter 30 1., .e1281 - . 0 ko (Item 9). Item 27
Path. Lb., ._lite. .4 - tl. 4 5 . 90

47 del 1 7 . 6 4 I. 65(0.1/Iteim 28)
1 / 3

-48 dL .1 bjaj 136.14 ... IN- .. ~r1

If Item 9 :. Item 47 - Item 48.

49 Effective Dliatmce. d, 5 5) b. 130. Ite 9(itt, 47 * Ite 48)

I lier. 9 > Ie 47 Item 4 5.

TLslg T J130 Ite- 9 - liem 47 - lie. 4

" egsO m eRI'., Vq!,e ---- I 4 SeeFIrlellee4-8

!,r T.- F d..g P.remeter Io Climat i  
.

S1 L T- iiIng PI1--tir -- -- d Se Figures 4- 9 thrWOl 4- 25
ei. , t 99.d)0
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B. 5: TROPOSCAT " ER PATH CALCULATIONS , .ik

LEFORNANCE WACTO* '.U PII at" ftocs

Tetm.c.l Etev.Ino-dAbov Sea L1. kn Fo t rfl

--eI~ta Elevation Above .4 La.I il Fenait Path Profile

3 Ani-nt Emevat.ov Above Sea Loael. T 00F It.1 Fom Peth Profie
TX. hit_______

4 An,,EeainAbv a .,i
00 _oo i Frain Path Profile

iRaeio H-xton Elevationt Above St.

5 Leve.T. onLivt St roPahPrfl

7 Disance to Rod.. Horizon. TI. dLI St Frost Path Profile

Piance o Rdi ozn.R. d j f m From Path Profile

10 o~g Elevatton of Raios Houos js.. (Ie 5 + Ite 0/

11 Averege Elirvaso., of Tenesl. h,2 (kre liters I lh'.. 2)/2

12 Acerag* Eleatto.t of Reft.cLung Sitelace I
St. Miaitae (Item 10. Iwo, 11) I

1 ItmRefracivity. N. I I Soc Fsvs. 4-1

14 1 Refractivity at Refractinsg Suttaee. S41 90~( (11amt 13) ezp (-0.10.7 xate. 12)

I itEf. t %,a Earth. Rodku.. a 106-0 . Sat Fig..,. 4.2

Rods.. I eon S. From. Pah Pola

17 ats- Elevat wr., RI Termain.1 to RI XF.
Rid,. Horizonr, g, tis Fo at rtl

18 Effective Antenna Height. TI. it. .005 St. I Ie 16 > It". 1; 1 - 3 - lie. I
IItm1 .It'. 1; 1 em - It= IS

I 
1It ::.Ie 

2. Ite,4-Ie

19 Effective Anterna Heighit. RX. bra .005 I1 Ite '. -7~ 2 4 - lseI 2

20 Antewa Elevation Angle. TX. iirt 0093- I 6 1- 3 4 Item. 7
It~, 2 it Ire, 15

22 41.6 - . oo ! 's ! o ted Item___ j~ I tem 0lr =
.00 812(. It~ 15 S5rI te 9

-. _____________ . 11c- 15 It.. 21 StIe= ;r

24 Scott., AngIle, 0.003;i9 e tr 22 - Item 23

25 Patls A..yrnirtr P*aSTmrtt. *1Item 22thasa. 23

94 ad J Item 24. aStem 9
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FINVONMANCI~~ ACO LU UNT 30. S.. F.ir::'::

.27 Attentuat.i Funcetm. ied) d -9 6> 10. S. F, vees 2 3 es 1.
F,.qo~s~. - - 33> 1. OSC 3/5

21 Cp....ct F]quem 1 5 .0 GH. L&Mk SpectIicetUos

______________________ __________ 1 1455 I ,.... . a.... ,,
2 i

31 e .o 8. 5_1 (It l'- '. 9) I-- en' 24)

1N4T
E
. If d" IS. set o-0 1 25,

3.1 Crossover. , 30-1 See Figure 5.6

33 NO E It , 11.o Itemsl 34 - 37 0.--It- 29 ~ 30
geoo e O Stop 38 (Ito- 29) . .:_2 . 25)

34 I  
Oeri 

i
I a iSOa F.Cr v 

S
-7

If n. S, ... S

3t1(02) -dB S.. Fig',u 5.7

It s > S. use 5

L Frequenc'y Go= Function. No

37 NOTE: f n. < 1. use Items 3* -3 43 -dB 1 "2 Item 35) + Item 36

3 Mott___ ___ __ _ _ dB SeeFgr 5-..
39 H*.) 10 dB Se U e.... 1

40 p _______1

40 AH. dB a F &gu 5 - a vs. as=

41 Gaul Fume. H.. a. = I lo dB 1/2O (Item 38 + lis, 39) * Item 40

42 F' euency G- Fu....o.... 0 00 d See Figure 5-9 .. , =0

43 F.quenc Gan Fsction. K ,00 I.0 42te a 3 .- 41 - lies 42)

4Frequ.ency C.'.. Function. He - 1 .0 dB~ Less 37 os Item 43

45 AtinosPhenc Abs.Pt.-. A. - jd9 Se. Figure, 4.-7

46 sasic Trnsm ssion Loss for a Scattr. 3 .. lit'. 28) -dU B (Itr' 9) I-Lo 27
Po. Lb,, i . It.. 44 * Item 40 + 90

47 17 .17 Irn 65M/Itew 28)
113

-4 I .45 kis i s 4 VI.. . 17"

If Ite. 9 . Ito. 47 * Item 48.

49 lfrectivo Ditanc e  
] 15,5 I 130: Item /(li te. 47 * Item 48)

It t. 9 > I*em 47 * Item 48.
130 # Item 9 - Item 47 - Iter 48

!10 i tI T t Fad.d, Pas. eter for Chinall -- - .

I Reg.. n. VM) "l B Se ORM4

ST Longfl 'I,-m I-dzng l f e CI ...lwll

P Sdl Pe. v (foe9Cldnotic -- q dB See F.1cuIe 4- 9 threit 4- 23
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oa0.1 6.91 t0.0 T (.. DTl

8.5: TROPOSCATTER PATH CALCULATIONS , ,*,

IT a. PIcaOft..C. PACTOR OAIJL ra

Tenm.nl Elev0toI Above So. Leve. 1t& F' r ___ Pt Profile
I TX, hiP

2 Te -naI Elevat.n Above el leve eL.

Ate. Elevaton Abe Sea FroveLe Path P

3 i .v.on Above Sea LveL 0 0 k Free Path ProfIe

RX. h,, 
' ( ) '  ~ f Pu r~t

I R.M . hosor Elevaton Atiove See

5 Level. TX. bLI 0un From Path Prolue

6 Rdto HrIzon I evn.- Above Sea i. Firr Path Profit*
Level RX. hl., 1' I ___________________

7 Distance to Redso Horizon. TX. dLt 1 .7 km From Path Profile

a Dsttnce to Radio Hori n. RX, dL. I •- I From Path Profile

9 Path 1.th.d { 160 Im From Path Profile
, .___________ ,__________ ,I

10 A, tI : Elevaton of Rod.o Norronas. k (I 
is Is (tm S + tm 6

lI Anergt Elevettor. of Terminals. h.2 0m (Item 1 + Item 2)/2

12 Avera Elevatton of Reirctung Suoce. 0 jkm j (lv 10. ive 11)

13 j Mie Refractivity, No j Sae rlegum 4-1

14 Refr-cttvtt at Refraetmff Sulface. o (Item 133 Ep (.-O.10,? Item 12)

1 -t fflit'i are L.A.h' R.dtu. a 8320 km See Plplgro 4-2

I M-t il., Txma TI 0 km Frm Pah Ieittfle
IRed,. li-ron. h, ________ __________________

S bleen Elevatint. RX Terminal to RX
Radiobs.zim. h, km Fitt Pell i.

18I Effective An H4t. rX, i br 005. 6> Item I. I e 3 - Item I

CC OfitOC * 11 ,f Item 1f".. Item I1 e .1 - It= 16

19 £((.ctive Anten Height. RX. b. • km If Itm. 17 > Ite. tte. 4- t,= 1JIf Item 1.
+ 
< Iter 2. item 4~ -- li 1,"

20 A 4.teone Etevatnom Anle. "X. I
3
et - .001 0 9$ rd Item S- It' 3 Item 7

Ite 7 e Item S

21 Anteon*& Elevation Aegle, R , &r -. 00109F red Iem 6 - 1. 4 0Ie9 8

Iteo I 2 z Item 15
22_ d .0817 d Ite , 3 - lie= 4

2It~.+ 15. lie= 923 I008 1 le
S 2 . It., I. tem 21 - Item

24 Scate Anl*.e 0. + • 0_17" 035 a _d Item 22 Item 21

25 Path AaVmmetey Parameter, a I Item 2tem 23

26 Od - - it^ ;lie 24 a Item 9
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No. PECrORMANC
I
E FACTOR .ALU'. UNITs aMAINE

1 10. See tr S - 3
.27 A.lkeaw4l. Funtim. F099) 6d > 10. Set F.gues 03 t J-2

- II If 9- > 1, Be I /S

25 Ot rrt-g Frqueaci'. I GHz Lmak SpectficaUt a

03 { 36.101 .D.em 0 . I Ito

'2 2 3 D. "ft 1 4 . 1..#. 21 .I - . 131 be Mr 2,. 11.9)lo-n
I NOTE: If rl *d 12 15. set He -0 1 -| e Item 2)St

32 Norma lted He.ght of Honson Ray S3 Crossover, a I  
,_ ----_S___________-.Sto. " ,.

33 N<OTE: It As- > 11. I Items 34 - $7 (Iem 9-1t M 1
Miem 29, . (Item 25)

Oth~ewse go to Stop 31133NTdae.lt~ae;43 i.. - 5-

34 11903) _ -- I I r I,>5. s

A.2 ----- s S, se 5-5
36S dD _ + S-.• FIm 5- 19

37 tNCIT , .. u .B2 .3i '2 a (Item 34 + Stem 3S) + Item 3637 4OTE ' li e < lu. ~ tems 35-3 -- I
38 dBv) J -4 See Ftgurv 5 .7. U. Ig

0 H- 2  ] dB S- Fiue 5 - I... a.1

40 1 -- dB Ste FASUe S-I Uss a. = a

41 F equecy Clam Fumctton. R.. 1 43 - S/2 t (Item 35 * te. 39) +Item 40

42 Frequency Get FuMatctir. H. 1 --- do See Fgut ! 5e- 9 9is as 0

43 ! Fre G~e w' Fuciras'I ---- d49 IHtes 42 0 Item 32 (1- 41 Itm 42)

44 T7vqu."slo Ge Functim I. 0 d9 I:em 37 or 0.. 43

45 Atmospheric Aftmrtlam. A. -- 4 Se Figur As 4.7

st Trsm.ss Los oe a Scatter t 30 (im 2 ) - 0 log (tem Im 27
Path. Lb.r ' Ite -.4 Item 4. * 90

47 del 17.64 kmo 65(0 1/lt. 21)
1 / 3

It It0 V It*. 9Iem 47 * Ite" 4.

49i leeeDseg.4 I'+ km S Item /(Stem 47 Ste 4;49 Effectiveo Olliall., o 13 k t.9 M.4 IO 9

If t- 9. > 1Se. 4? . Ite 45.

Ir . PrtICm1 30 * Item 9 - Item 47 - Item 455, Lmi dO S
51 Log Tr.- todaris Parameter low ¢C.s,,4Sei 1 '(9.9. ,-- -f d See 4.5leurv a - 9 th~wo .•5
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_" P.to .M.Ci ACTOR ,,ALUo UNTi 1MaNKAS

I T-raml Eie.t~or!'Aboe Se Level. km From Path Profile
I TX. h" 0I )

2 Tctanu Elievo.tio Above S.. Level. km From Path Profie
RX. hr,

Ameo., : Elevation Aboe Sea 005 km From Path Prfle

SAnt-& levtion Aboe S.a Level. .005 km From Path Profil
IRX. h,,

r Radio Hortiom levation Aboe 5.C it Fo P.1k Profil
L- tel. TX. bLI

6 Rod4. Horizon Elcv-lso Above Sr. b.lIm ohPois
Lrr RX. hi.,_ IIk rmP.kP~I

7 Distance to Radio Horizon. TX. di . . km From Path Profile

9 Distance to Radio Horizon. R . dL. 9 9= firms Path Profle

9 ahLrg*.d13 JkII Fo Poch Profie

10 A ev.tvn of Ro.d& Horizons. It (tem 5 + 1" 0/2

11 IrA- . lee.a.on of To-mals. 1.2 o klm O(Item 1 Ite 2)/2

12 Ave.. Elevt.... of RefrIrung Satfc.. i silsm (item 10. ,t'r,, I1)

13i Mean Relr.cU.wac. Ne -- igap 4-1

14J Refrel..,pr .1 Refrctroig Surface. N. 390 (Item 13) ezp (-010.7 a Iie 12)

1 F (.f, tIw Earth's RadI... a 10,820 km See Flpm 4-3

lhIt M n 17..- 11-.ilws~ . TZt tomn~ . TZ

d R o l 0 km From Pi% Profit.

I7 Mean iEIevtimn. RX Terminal to RX 0 i Fro P

Radio Hozon 
m P

IS i I+ ,t,. ,6 ,, ,ic , i. .1 Ii. I
II ffcte Antena Height. TX. kie O0 j km If lite 16 " Item 1. I e. 3 - It-- I

19 I Effective Antenna Height. RX. bk km 00If I5i 2; > It.. 2. ten. 4 - Itela 2
" 1" l e : ? -, .7, 1 . item A - ie= I-

20 Ao.... Eleve .. Angi.l. TX. Ugg .000963 f Itd 2 a I.te 3 1

21 Antese Elevation Agle. R, Oct .0009r65N r lem 6 - It,. em I

II0 .t .I Iti- .

22 - . .1, a 1 lree I t 20- i !
___________ It-= 9

23 . 4 .006431 ad e-
0  

It te- -c !l
4 20 lt. 

e 
li =24 Scatter Asir.o 1 .012861 ed I 9 m 22 • Item 23

25 Path Aasmtry Peracmet. 1 I tem 22Afltm 23

26 96 -- k tem ie24 a Item 9
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ITE PIAFOIcMANCE FACYOC VALUE UNITS mARK*S

f fO 10. See F,-e -3

* timAttoitbam PIwuctia. 70d - - d to. See Figures b" I%-
I1 • > |. .Se Its

21 operatin Frncy. I Gs Link SpecsiacaUen

-1r 2 6 .3 1. - 0. 1, 1.. 35. Dom Is

*6 n 2 2 -6 .I *. * I- ... ties 3 . I,.- to

o e Jim (Item 25
, 

t (Item 9)(Item 24)
NOTE: ir rl eind r2 :- 15. *it Mo -- 0 (1 I |to. 2S)

2

32 b Crmal~ged Height o( Hason Rey see Fl gre 5.6

3.) NOTE: Its w 1. Ilse Items 34 - 37 Ite 0 - )3

OtJerrmse go to Step 3529. a(ite 2)

354 H.0) _d See Figure. 57
If lng> S. use 5

if s S -e

36 1 ---- See Figure 3- 8

FrequencyC Gam Funcuoa. 14
37 NTi< 1. use tvs3S-43 d 12 x (Item 34 + Item 3S) + Item 36

3& I.L•i) -- d 4 See Figure 5.-. Vat a. = 1

H 11902) dj See Figre" S* 7. lse a. = 1

40 ht. do See FEu w- 6 Us. ft = I

41 1 Frequency Cam Funcution. Ho. ib = I 4 dO 1/2 v (Item 33 - It-,, 39) * Item 40

42 jFrequency cm Function. H. a 0 } ---- d See Figure S-9 U40 ft 0

43 FiequenCY Gout Function. Ito  _di9 Item 42 + Item 32 (1k'm 41 -. tem 42)

44 Frequency Gain function. Ito d Lem 37 a, bass 43

45 Atmosphe Abso.ption, As --- See Fiture 4 -7

46 .tc Transmisson Loss f, a Uestter - -do 3D log (Item 289) - O lot (Item 9) *|em 2'
Path. Lt., * Item .14 * Illem 45 * 90

47 'a 17.64 Itm 65(0.t/item 25)1/3

6 .. 43 km Ua . - ,I V iii

If Item 9 Item 47 * Item 45.

49 tieetl ego%". 2o km 130: Item 9g(item 47 * it" 48)
If Iem 9 > I-,e 47 * Item 43.

.30 * Item 9 - it.m 47 - Item 46

s0 Long Ter- F sd-n[ Pa.rmeter Io Climatic do Se F
pr .. . 4 . ... .

Lon ' to e dntPvirir1 Climatic d- Se Fj -0~., 4. 9 thrwo0 4 . 5P~ei,-, It. Y,(9-) q.4') .. - B ISeFi~•4 h~ lI

Pty PAGE no. PAGE a r O PagES11
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